BEST AVAILABLE COPY 



(19) 



EuropSisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(43) Date of publication: 

25.08.2004 Bulletin 2004/35 

(21 ) Application number. 040763003 

(22) Date of filing: 14.05.1 087 



(H) EP 1450 412 A2 

EUROPEAN PATENT APPLICATION / 

(51) int ciJ: H01L 29/786. H01L 2^/336, 



H01L 27/12. H01L 21/84. 
G02F 1/133 



(84) Designated Contracting States: 
DEFRGB 

(30) Priority: 15.05.1996 JP 12065396 . 

19.09.1996 JP 24807196 
14.11.1996 JP 30338706 

(62) Document number(s) of the earlier applications) in 
accordance with Art 76 EPC: 
97922043.1 / 0 855 614 

(71 ) Applicant: Seiko Epson Corporation 
Shlnjuku-lcu, Tokyo 163-0811 (JP) 

(72) Inventors: 

• Yudasaka, Ichlo, c/o Seiko Epson Corporation 
— SuwaHshtr^agano-ken-392-85024JI9 ~ - 



• S hlmoda. Tats uya f c/o Seiko Epson Corporation 
Suwa-sht, Nagano-ken 392-8502 (JP) 

• Kanbe, Sadao, c/o Seiko Epson Corporation 
Suwa-shl, Nagano-ken 392-8502 (JP) 

• Miyazawa, Wakao, c/o Seiko Epson Corporation 
Suwa-shl, Nagano-ken 392-8502 (JP) 

(74) RepresentatwaCloughle^PeWAndrswot al 
Miller Sturt Kenyon, 
9 John Street 
London WC1N 2 ES(GB) 

ReniarigK 

This application was filed on 28 • 04 - 2004 as m 
divisional application to the application mentioned 
under INID code 62. 



(54) Thin film device and method for making 

(57) Any one of an Insulating film forming a TFT. m 
silicon film and a conductive film is formed by applying 
a solution and annealing ft. In a spin coater (1 02), a coal- 
ing solution containing a thin film component which Is 
supplied from a solution storage section (105) is spin- 
coated onto a substrate. The substrate after coating the 
coating solution is annealed In an annealing section 
(1 03) to form a coating film on the substrate. Additional 
laser annealing improves one of film characteristics, I. 



e., crystallinity. compactness and adhesiveness. App6- 
cation of the coating solution or a resist by an Inkjet 
process increases utilization of the solution and permits 
forming a patterned coating film. Since a thin film devtoa 
in accordance with the present invention is inexpensive 
and has a high throughput, TFT production by e produc- 
tion system having high utilization of the coating solution 
drastically reduces initial investment and production 
cost of e liquid crystal display < 
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Description 
[TECHNICAL FIELD] 

[0001] The present invention relates to a thin film de- 
vice including a thin film laminate structure such as e 
thin film transistor (hereinafter referred to as TFT) and 
a method for making the same, and in particular relates 
to a thin film device capable of low cost production due 
to a decreased initial investment and a method for mak- 
ing the same. Also, the present invention relates to a 
liquid crystal panel and an electronic device using the 
thin film device* 

[BACKGROUND ART] 

[0002] In recent years, liquid crystal display devices 
using such types of thin film devices have been used In 
notebook-type personal computers, car navigation sys- 
tems, video cameras and various portable information 
devices, and their range of applications and production 
is drastically increasing. Such phenomena are due to 
improved performance including reduced price of the 
liquid crystal display devices, enlarged screen size, im- 
proved Image resolution and low electrical power con- 
sumption- Further cost reduction is, however, required 
for further expansion of the market and range of appli- 
cations. 

[0003] The mainstream of the liquid crystal devices Is 
active matrix liquid crystal devices usTngTFTs as switch- 
ing elements for pixels. Each liquid crystal device In- 
cludes TFTs, a TFT substrate on which a matrix of pixel 
electrodes connected to the TFTs are formed, a counter 
substrate provided with a common electrode, and a Sq- 
uid crystal encapsulated between these two substrates. 
Fig. 17 shows the main section of a TFT substrate GO. 
In Fig. 17, TFTs 61 are formed at pixel positions near 
the intersections of a plurality of source or data signal 
lines S1, S2, ™ Sn arranged in columns with a plurality 
of gate or scanning signal lines 61. G2, Gm ar- 
ranged In rows. Source electrodes of the TFTs 61 are 
connected to their respective source lines and drain 
electrodes are connected to their respective pixel elec- 
trodes 62. The data signal supplied from a source fine 
is applied to a pixel electrode 62 through its correspond- 
ing TFT 61 based on the scanning timing signals sup- 
plied through the corresponding gate line. The state of 
the liquid crystal is changed and driven for displaying by 
an electric field between the pixel electrode 62 and the 
common electrode, not shown in the drawing. 
[0004] The liquid display device is fabricated by panel 
assembling including encapsulation of the liquid crystal 
between the TFT substrate 60 and the counter electrode 
and packaging of driving circuits for driving the source 
lines and the gate lines, and the cost of the liquid crystal 
display device greatly depends on the cost of the TFT 
substrate 60. The cost of the TFT substrate 60 depends 
on the manufacturing method of the TFTs. A part of driv- 



ing circuits may be formed on the TFT substrate -60 toy 
forming the active elements with the TFTs, and in this 
case, the cost of the TFT substrate occupies a high pro- 
portion of the cost of the liquid crystal display device, 

5 [0005] A TFT has a thin film rm>rK)lrthic'structuTe In- 
cluding a plurality of thin films which include at least e 
silicon semiconductor layer having an insulating layer, 
a conductive layer, a source, a drain and a channel re- 
gion. The cost of the TFT greatly depends on the pn> 

10 duction cost of the thin film monolithic structure. 

[0006] The insulation layer in the thin film monolithic 
structure is formed by a low pressure chemical vapor 
deposition (LPCVD) process or a plasma enhanced 
CVD (PECVD) process, since a normal pressure CVD 

is (NPCVD) process results in low uniformity of the «m 
thickness. The conductive layer, or typically the metal 
layer, is formed by a sputtering process. The silicon 19m 
for forming the silicon semiconductor layer Is also 
formed by the PECVD or LPCVD process. Further, m 

20 method for implanting en impurity into #>e silicon filmcjy 
an ion implanting process or en Ion doping process la 
used. Alternatively, the high concentration impurity re- 
gion which functions as a source-drain region Is formed 
of an impurity-doped silicon film In a CVD system. 

25 [0007] The CVD systems and the sputtering system 
used in the above-mentioned film deposition processes 
belong to vacuum units for processing materials under 
vacuum pressures, and require large vacuum systems, 
resulting in an increase In initiel mvestmenL fh the vac- 
"30 uurrT systemTa substrate ~f& transferreSTlb e vacuum 
evacuation chamber, a substrate heating chamber, a 
film deposition chamber and a vent chamber in that or- 
der to form a film. The substrate atmosphere therefore 
must be changed from open air to vacuum, and this anv 

35 its the throughput Since the ion impianter and the Ion- 
doping system are also vacuum systems, the same 
problems as above occur. Further, the ton impianter end 
the ion-doping system require complex mechanisms fpr 
generating plasma, extracting tone, mass-separatirig 

40 the ions (for the ion impianter). accelerating tons, coeV 
mating ions, scanning tons end soon, resulting In arev 
markabty high initial investment cost. 
[0008] As described above, the thin film deposition 
technology and the processing technology for producing 

45 a thin film monolithic structure fs basicaty simffar to the 
manufacturing technology lor LSI circuits. The mefci 
means for cost reduction of the TFT substrate include 
scaling-up of the substrate size for forming TFTs, Im- 
provement in efficiency of the then film deposition end 

50 its processing step, and improvement In yield. 

[0009] Sea ling-up of the substrate size for producing 
large liquid crystal display devices with reduced costs Is 
an obstacle to high speed transfer of the substrates In 
the vacuum system, and causes breakage of the 

55 strate due to thermal stress during the deposition steps, 
hence it is significantly difficult to improve the throughput 
of the film deposition system. Also, the scaKrjg-up of the 
substrate size inevitably requires scaling-up of the flta 
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deposition system. An increased exist accompanied by 
the increased volume in the vacuum system further In- 
creases trie initial investment, and as a result, it is diffi- 
cult to achieve drastic cost reduction. 
[0010] Although an increased yield is a valuable 
means for cost reduction, a yield near the limit has been 
achieved, and thus drastic cost reduction is difficult in 
view of the yield. 

[0011 J Patterning of each layer is performed by a pho- 
tolithographic process. The photolithographic process 
essentially includes a coating step, an exposure step 
and a developing step of a resist film. After these steps, 
an etching step and a res ist-re moving step are required, 
hence the steps for patterning is a factor in increasing 
the number of steps for thin film deposition. This is a 
factor in the increased cost of thin film device produc- 
tion. 

[0012] Regarding the resist-coating step in the photo- 
lithographic process, only less than 1 % of the resist so- 
lution dropped onto the substrate remains on the sub- 
strate as the resist film after spin coating, deteriorating 
the efficiency of the use of the resist solution. 
[0013] Although a printing process has been pro- 
posed as a low cost process instead of a large seals 
exposure system used in the exposure step, it has not 
yet reached practical use due to problems such ss 
processing accuracy. 

[0014] As described above, it is not possible to dras- 
tically reduce the cost of the TFT substrate, although the 
market requires drastic pfice*re3uction of trie fio^ id drys-^ 
tal display devices. 

[0015] It is an object of the present invention to pro- 
vide a thin film device and a method for making the 
same, in which a part or all of the films in a thin film mon- 
olithic structure used for a liquid crystal display device 
are deposited without a vacuum system in order to de- 
crease initial investment and operation costs, increase 
the throughput and significantly decrease the produo- 
tion costs. 

[0016] It is another object of the present invention to 
provide a thin film device and e method for making the 
same, in which a thin film having characteristics similar 
to those of a CVD or sputtered film is formed of a coating 
film while achieving cost reduction. 
[0017] It is a further object of the present invention to 
provide a thin film device and a method for making the 
same, in which the consumption of a coating solution is 
decreased in the formation of the thin coating film for 
achieving cost reduction. 

[001 8] It is still a nother object of the present invention 
to provide a thin film device and a method for making 
. the same, which is capable of patterning the formed film 
without a photolithographic process and thus reducing 
the cost 

[0019] It is a still further object of the present invention 
to provide a thin film device, a liquid crystal panel and 
an electronic device using the same, in which a plans 
in contact with the liquid crystal can be planarized by 



forming a pixel electrode with a coating fflm. 
[0020] It is another object of the present invention is 
provide a thin film device, a liquid crystal panel, and en 
electronic device using the same, in which^e wiring layer 
can be used as a light-shielding layer for a black matrix 
and the thin film device has a high aperture ratio. 
[0021] It is still another object of the present invention 
to provide a liquid crystal panel and an electronic device 
which enable cost reduction due to use of an inexpen- 
sive thin film device, 

[DISCLOSURE OF INVENTION] 

[0022] According to an embodiment of the present fn- 
t* vention, a thin film device has a thin film monolithic struc- 
ture comprising a plurality of thin films Including at least 
one insulating layer and at least one conductive layer, 
wherein . 

at least one thin fOm In the thin film mortofflhfe 
20 structure is formed of a coating film (excluding a spin- 
on-glass film having a basic structure comprising 
loxane bonds), which is obtained by applying a solution 
containing a constituent of the thin film followed by a#v- 
neafiQQ. 

26 [0023] A method for making the thin film device com- 
prises the following steps of: 

applying a coating solution containing a constituent 
of the thin film onto a substrate; and 
~H> TornWTifa^coa^ spin-on-glass 
film having a basic structure comprising sDoxans 
bonds) by annealing the coated surface of the sub- 

35 [0024] In the present invention, at least one layer in 
the thin film monolithic structure is formed as a coating 
film without a vacuum system. As such a coating film, a 
spin-on-glass (SOG) film having a basic structure com- 
prising siloxane bonds, which has been used as si 

40 p ia na rization layer, has been known. The organic SOG 
film is. however, readDy etched during an oxygen plas- 
ma process, whereas the inorganic SOG film readsy 
cracks even if the film has a thickness of several thou- 
sand angstroms, hence It Is barely used solely es on 

45 interievel insulating fflm, and Is used es only a pJaneri- 
zation layer above a CVD insulating fieri. 
[0025] In the present invention, an insulating layer 
and a conductive layer composing a thin film monolithic 
structure are formed of a coating film other than the SOG 

so film, and the thin film can be planarized at the same time. 
Since the coating film can be formed without e vacuum 
system such as a CVD system or e sputtering system, 
a mass-production line can be constructed with e signif- 
icantly smaller investment compared to conventional 

55 systems, the throughput of the system can be increased 
and the cost of the thin film device can be drasticafy 
reduced. 

[0026] The thin film monolithic structures Include ver- 
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ious structures, for example, those including semicon- 
ductor layers, those including thin film transistors, and 
those including an underlying insulating layer and an up- 
per protective insulating layer. 

[0027] In these cases, it is preferable that all the insu- 
lating layers contained in the thin film monolithic struc- 
ture be formed of a coating film. A gate insulating layer 
requiring a critical film quality for ensuring desired thin 
film transistor characteristics, however, may be formed 
by a method other than a coating process. 
[0028] ft is preferable that at least two thin films in the 
thin film monolithic structure be formed by a coating 
process in order to reduce the device cost which is a 
purpose of the present invention, 
[0029] The insulating layer can be formed of a SiOj 
coating film which is obtained by applying a solution con- 
taining a polymer having Si-N bonds (porysilazane) fal- 
lowed by a first annealing process in an oxygen atmos- 
phere. Since the porysilazane having the above struc- 
ture exhibits high cracking resistance and oxygen plas- 
ma resistance, a single layer can be used as an insulat- 
ing layer having a given thickness. 
[0030] ft is preferable that the insulating layer be sub- 
jected to a second annealing process at a temperature 
higher than that in the first annealing process to further 
clean its surface. The second annealing process may 
be performed at a htgh temperature for a short period 
using a laser or a tamp. 

[0031] The semiconductor layer is form ed by implan t- 
ing an impurity into a silicon coating filmwhich is formed 
by applying a solution containing silicon particles fal- 
lowed by a first annealing process. 
[0032] H is preferable that the semiconductor layer be 
subjected to a second annealing process at a tempera- 
ture higher than that in the first annealing process to im- 
prove the crystallinity in the layer. The second annealing 
process may also be performed at a high temperature 
for a short period using a laser or a lamp. 
[0033] Preferably, a method for diffusing an impurity 
into the silicon coating film comprises the following steps 



forming by coating an impurity-containing layer onto 
the silicon coating film; and 

diffusing the Impurity into the silicon coating film by 
heating the impurity-containing layer. 

[0034] Conventionally, the high concentration impuri- 
ty region which functions as a source-drain region has 
been formed of an impurity-doped silicon film by a CVO 
system, or formed by introduction of an impurity by an 
ion implanting process or an ion doping process, where- 
as in the present invention, a source-drain region Is 
formed by a step of applying and baking a solution to 
form a thin film containing an impurity, and by a step of 
annealing the thin film at a high temperature for a short 
period using a lamp or a laser to form a high concentra- 
tion impurity region. The ion implanting system and the 



ion doping system basically belong to vacuum systems, 
and require extremely complicated mechanisms for 
generating plasma, extracting ions, mass-separating 
the ions (for the ion implanter), accelerating ions, coal 
8 mating ions, scanning ions and so on, hence these two 
systems have evidential high prices compared to the 
system for coating and annealing the thin film containing 
the impurity. 

[0035] There are two methods for forming the conduo- 
10 tive layer. In one method a thin metal film is formed and 
in the other method a thin transparent conductive film la 



[0036] The formation of the thin metal film as a < 
ductive layer includes coating of a solution containing 
18 conductive particles then evaporating the solvent by a 
first annealing process. A conductive coating film i 
be thereby formed. 

[0037] It is preferable that the conductive layer i 
be subjected to a second annealing process at a 1 

TO perature higher than that in the first annealing process 
to reduce the resistance of the layer. The second an- 
nealing process may be performed at a high tempera- 
ture for a short period using a laser or a lamp. 
[0038] Preferably, a method for forming a transparent 

29 conductive film as a conductive layer, comp ris e s: 

a first annealing step annealing the coated surface 
in an oxygen or non reductive atmosphere; and 
a second annealing s tep a nnealing the coated sur- 
"jo" "face in a hydrogen or reductive atmosphere. 

[0039] When forming the transparent electrode as the 
conductive layer, for example, an organic acid i 
ing indium and tin is used as a coating solution. I 

35 ably in this case, a solvent used for adjusting the viscos- 
ity is evaporated (at, for example, a temperature of ap- 
proximately 100 °C) after coating, end then the abo*w 
mentioned first and second annealing processes ant 
performed. Indium oxide and tin oxide are formed during 

<o the first annealing process and the film Is reduced during 
the second annealing process In. a hydrogen or recfcjo- 
tive atmosphere. 

[0040] It is preferable that the temperature in the sec- 
ond annealing process be lower than that in the first an- 

49 nesting process. 

[0041] The transparent conductive coating film i 
the first annealing process can be prevented from 1 
mal deterioration in the second annealing process. 
[0042] Preferably, the substrate Is maintained in the 

so nonoxidizing atmosphere after the second anneafing 
process until the substrate temperature is decreased to 
200 °C or less. The reoxidation of the transparent con- 
ductive coating film reduced during the second anneal- 
ing process can be thereby suppressed, end thus the 

88 sheet resistance of the transparent conductive coating 
film does not increase. It is preferable that the substrata 
be introduced into open air at a temperature of 100 « 
or less in order to ensure prevention of the reoxidation. 
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Since the resistivity of the coated ITO film decreases in 
proportion to the oxygen defects in the film, the reoxida- 
tion of the transparent conductive coating film due to ox- 
ygen in the open air results in an increase in the specific 
resistivity. 

[0043J In the formation of the transparent conductive 
coating film, a coating solution containing indium (In) 
and tin (Sn) is applied onto the substrate. The coating 
film is oxidi2ed in the first annealing process to form an 
ITO film. Using the coated ITO film, the conductive layer 
is also usable for the transparent electrode. 
[0044] When the surface of the ITO film is plated with 
a metal, the film can be used as a conductive layer other 
than the transparent electrode, and the metal plating 
can decrease the contact resistance. 
[0045J It is preferable that a conductive sputtering film 
be formed on the contact face of the coated ITO film by 
a sputtering process. 

[0046] An example of the thin film monolithic structure 
is an active matrix substrate including pixel switching el- 
ements provided on their respective pixels, which are 
formed near intersections of a plurality of data lines with 
a plurality of scanning lines, and pixel electrodes con- 
nected thereto. 

[0047] A typical pixel switching element used in the 
active matrix substrate is a thin film transistor. The thin 
film transistor as the pixel switching element includes a 
gate electrode electrically connected to one of the scan- 
ning lines and a drain electrode electrically connected 
^to~orVe ^ OTmepIxerelecUodes: 
[0048] It is preferable that the pixel electrodes be 
formed of a conductive coating film in such a thin film 
monolithic structure. The surface in which the pixel elec- 
trodes are formed generally has steps, while the surface 
of the conductive coating film is almost planarized when 
the pixel electrode is formed of the conductive coating 
film. As a result, rubbing can be satisfactorily performed 
and occurrence of reverse-tilt domains can be prevent- 

[0049] It is preferable that the conductive coating film 
used for the pixel electrodes be a coated ITO film. The 
coated ITO film functions as a transparent electrode end 
is suitable for producing an active matrix substrate in a 
transmission liquid crystal display device. 
[0050] The thin film transistor as the pixel switching 
element includes an interlevel insulating film formed on 
the front surface of the gate electrode, and the data line 
and pixel electrode are electrically connected to the 
source region and the drain region, respectively, 
through contact holes formed in the interlevel insulating 
faro. 

[0051] The interlevel insulating film may be composed 
of a lower interlevel insulating film which lies at the lower 
side and an upper interlevel insulating film which is 
formed on the surface of the lower interlevel insulating 
film. In this case, the data line is electrically connected 
to the source region through a first contact hole formed 
in the lower interlevel insulating film. On the other hand. 



the pixel electrode is electrically connected to the drain 
region through a second contact hole formed in the low- 
er interlevel insulating film and the upper interlevel In- 
sulating film. i 

9 [0052] In such a configuration, the data line and the 
pixel electrode are formed on different layers from each 
other, hence these do not short-circuit each other even 
if they are formed at a position in which they overlap wflh 
each other. The periphery of the pixel electrode can 

10 therefore be arranged above the data line and the scan- 
ning Una. 

[0053] As a result, no planar gap is present between 
the data line or scanning line and the pixel electrode. 
The data line and the scanning line can therefore funo- 

18 tion as a black matrix having e light-shielding function. 
Accordingly, it is not required to form a fight shielding 
layer as the black matrix by an additional process. 
[0054] Since the range capable of forming the pixel 
electrode is expanded, the aperture ratio of the pixel te- 

20 gion is increased, resulting in e bright display. 

[0 055] It is preferable that the pixel electrode formed 
of a conductive coating film be electrically connected to 
the drain electrode through a conductive sputtering tarn. 
[0056] Since the sputtering film has a lower contact 

25 resistance than that of the conductive coating fBm, the 
contact resistance can be reduced by intervening the 
conductive sputtering film between the conductive coal 
ing film and the source region. 

[0057] ft is preferable the conductive sputtering film 
30 be a sputtering ITO film so as not to decrease the aper- 
ture ratio. 

[0058] When the conductive coating film and the con- 
ductive sputtering film have the same pattern, the accu- 
racy in the patterning of the pixel electrode can be 1m- 

35 proved, because a resist film can be formed on only the 
conductive coating film having high adhesiveness to the 
resist mask and the conductive coating film and the con- 
ductive sputtering film can be simultaneously patterned. 
Resist mask formation on the conductive sputtering fien 

40 having low adhesiveness to the resist mask is not re- 
quired, and a decrease in accuracy In the patterning can 
be avoided. 

[0059] When the conductive coating film end the con- 
ductive sputtering film does not have the same pattern, 
45 it is preferable that the periphery of trie conductive coal- 
ing film lies outside of the periphery of the conductive 
sputtering fern. 

{0060] Resist masks ere separately formed on the 
conductive coating film and the conductive sputtering 

60 film and are separately subjected to sputtering by differ- 
ent steps. The accuracy of the patterning for the periph- 
ery of the pixel electrode depends on the accuracy of 
the patterning for the conductive coating fBm having a 
larger patterning dimension than that of the conductive 

55 sputtering film. The low accuracy of the patterning lor 
the conductive sputtering film having low adhesiveness 
to the resist mask does not affect the accuracy of the 
patterning for the pixel electrode. 
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[0061 J When the conductive sputtering film and the 
data line are present in the same layer, these can bo 
simultaneously formed of the same metal material. 
[0062J Alternatively, tho conductive sputtering fltm 
may lie above the data line. In this case, since these S 
layers are formed by different steps, these layer may bo 
formed of the same material or different materials. 
[0063J The interievel insulating film may include a low- 
er interlevel insulating film at the lower side and an upper 
interievel insulating film deposited on the surface off tico *0 
lower interievel insulating film, and the data On© and to 
conductive sputtering film may be formed on the surface 
of the upper interievel insulating film. The data line is 
electrically connected to the source region through a 
first contact hole formed in the lower interievel insulating *S 
film. On the other hand, the conductive sputtering film 
is electrically connected to the drain region through o 
second contact hole formed in the upper interievel insu- 
lating film and the lower interievel insulating film. Tha 
conductive coating film is deposited on the surface of 
the conductive sputtering film. 

[0064J Alternatively, the data line and the conductive 
sputtering film may be formed in the same layer on tho 
surface of the lower interievel insulating film. In thfe 
case, the da taline is electrically connected to thascuraD 23 
region through a first contact hole formed in the lows? 
interievel insulating film. The conductive sputtering film 
is electrically connected to the drain region through a 
second contact hole formed in the lower interievel insu- 
latingtilmTTurtheT.nhe 

ited on the surface of the upper interievel insulating film, 
and electrically connected to the conductive sputtering 
film through a third contact hole formed in the upper 
terievel insulating fitsa. 

[00633 In accordance with another embodiment, a Kq- as 
uid crystal panel comprises: 

an active matrix substrate provided with the aboyo- 
mentioned thin film devico, 

a counter substrate facing the active matrix sub- <o 
strata, ©fftsD 

a liquid crystal layer encapsulated between the a©- 
tive matrix substrate and the counter substrnto. 



[0066]] In accordance with a further ernbodirrtsTtt, ca CJ 
electronic device comprises the liqucd crystal psxsd 
[0 0673 I" these cases, tho cost reduction tn tho tfua 
film device enables drastic cost reduction of the liquet 
crystal panel and the electronic device using the liquid 
crystal pared 

[0068J In the above-mentioned solution coating stag), 
it is preferable that the solution be applied to only tho 
coating region on the substrate to form a patterned coal- 
ing film on the substrate, because a photolithographic 
process including ma ny steps is not required. According 
to this process, consumption of the coating solution de- 
creases and thus the operation cost can be reduced. 
[0060] ^ accordance with still another embodiment c? 



the present invention, a method for making a thin fEfea 
device is characterized in that a patterned coating fifaa 
is formed on the substrate toj^ 

preparing a coating solution dispense(/head prov&K 
ed with a plurality of liquid discharging nozzles, end 
discharging the coating solution onto only the cock- 
ing region on the substrate while relatively change 
the positions of the substrate and the liquid (So- 
charging DOZZ&C3. 

[0070]) This method can be achieved by, fox exampCo, 
an ink jet process. Since the coating solution is not weed- 
ed and no photolithographic process is required, tto 
method greatly contributes to the investment cost redaco- 
tion and improved throughput. For example, in correct 
tional coating techniques only approximate^ 1SS c?o 
dropped resist has been used as a coating film , wh©rc> 
as in the present invention 10% cr mora of q dropped 
resist can be used as a coating film. Of course, sutfa O 
high coating efficiency holds for the other coating fifruQ 
in the present invention, and thus the reduced use of to 
coating materials and the reduced timo tn the coaEsg 
processes enable the cost reduction of TtquSd crysts! 
play devtccG. 

[007*93 N >s preferable that these nozzles be indeporcd- 
entry controlled to discharge* er rart to discharge to 
coating solution, and positions of the substrate and to 
discharge nozzles be relatively changed wh23 con^r^ 
ling the coating^ming-c«-th^ pc^ 
tern coating can thereby be achieved. 
[0072J Such a coating process is applicable to coatifltg 
of various coating solutions for forming coating films £57 
other than coating of the resist for forming 0 resist pc> 
tern. For example, if an insulating coating film Is patttxnfr- 
coated, a contact hole can.be formed simultaneous; 
with the C0SI&3. 

[0073J As described abovQ, fn accordance wi@i to 
present invention, a part or aE3 of the thin films cen.feo 
formed by applying and annealing 0 solution, hertco o 
thin film device can be produced with an fnexpem^o 
production urtft having a high througrt?^. 

[BRIEF OESCRIPTCOW OF DRAWING) 

Fig. 1 is a block diagram of a coating film deposJto 
unit used in a first embodiment in accordance 
the present JrtvenfenK 

Fig. 2 is a block diagram of another coating fiBm 
osition unit used Jn a first embodiment tn acccs^- 
ance with the present invented 
Fig. 3 is a cross-sectional view of a coplanar-ty^o 

• tf^ •-" 

Fig. 4 is a cross-sectional view of a reverse stag^c^ 
typeTHFi; 

Fig. 5 is a block diagram of era In-line-type coat&tg 
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film deposition unit used in a first embodiment in ac- 
cordance with the present invention; 
Fig. 6 is a block diagram of another in-line-type 
coating film deposition unit used in a first embodi- 
ment in accordance with the present invention; 
Fig. 7 is a block diagram of a silicon-coating film 
deposition unit used in a first embodiment in accord- 
ance with the present invention; 
Fig. 8 is a block diagram of another silicon-coating 
film deposition unit used in a first embodiment in ac- 
cordance with the present invention; 
Fig. 9 is a flow chart illustrating a method for metal- 
plating onto an ITO coating film surface; 
Fig. 10 is a cross-sectional view of a production step 
of a coplanar-type TFT using an insulating layer 
containing an impurity in accordance with the 
present invention; 

Fig. 11 is a cross-sectional view of a production step 
of a reverse stagger-type TFT using an insulating 
layer containing an impurity in accordance with the 
present invention; 

Fig. 12 is a block diagram of a solution coating unit 
used in a first embodiment in accordance with the 
present invention; 

Fig. 13 is an outlined schematic view illustrating a 
state of the solution coating unit of Fig. 12 after spin 
coating; 

Fig. 14 is a block diagram of another solution coat- 
ing unit in accordance with the present invention; 
*"TTg;^5'^Sn""(BWargea partial view of the 'solution 
coating unit shown In Fig. 14; 
Fig. 16 is an enlarged partial view of the solution 
coating unit shown in Fig. 14; 
Fig. 17 is a schematic view of a TFT substrate form- 
ing a liquid crystal display device; 
Fig. 18 is an enlarged plan view of a portion of e 
pixel region independently formed on an active ma- 
trix substrate for a liquid crystal display device in 
accordance with a second embodiment of the 
present invention; «fr 
Fig. 1 9 ts a cross-sectional view taken along section 
H* of Fig. 15; 

Fig. 20 is a cross-sectional view illustrating a meth- 
od for making the active matrix substrate shown In 
Fig. 1«; 45 
Fig. 21 is a cross-sectional view illustrating the fol- 
lowing steps after the steps shown in Fig. 20; 
Fig. 22 is an enlarged plan view of a portion of a 
pixel region independently formed on an active ma- 
trix substrate for a liquid crystal display device in *> 
accordance with a third embodiment of the present 
invention; 

Fig. 23 is a cross-sectional view taken along section 
JHTof Fig- 22; 

Fig. 24 is a cross-sectional view illustrating the fbl- 85 
lowing steps after the steps shown in Fig. 20 in the 
production of the active matrix substrate shown In 
Fig.22; 



Figs. 25(A) and 25(B) are enlarged longitudinal 
cross-sectional views near contact holes of a com- 
parative example and an example in accordance 
with the present invention, respectively; 
Fig. 26 is a cross-sectional view of a structure In 
accordance with a fourth embodiment of the 
present invention, taken along section IMF of Fig. 
22; 

Figs. 27(A) to 27(E) are cross-sectional views of a 
method for making the active matrix substrata 
shown in Fig. 28; 

Figs. 28(A) to 28(E) are cross-sectional views of the 
following steps after the steps shown In Fig. 27; 
Fig. 29 is an enlarged plan view of a portion of a 
pixel region independently formed on an active ma- 
trix substrate for a liquid crystal display device ei 
accordance with a fifth embodiment of the present 
invention; 

Fig. 30 is a cross-sectional view taken along section 
IIMII'of Fig. 29; 

Figs. 31(A) to 31(F) are cross-sectional views Hue- 
trating the following steps after the steps shown in 
Fig. 27 in the production of the active matrix sub- 
strate shown in Fig. 20; 

Fig. 32 is an enlarged plan view of a portion of a 
pixel region independently formed on an active ma- 
trix substrate for a liquid crystal display device In 
accordance with a sixth embodiment of the present 
invention; 

Fig. 33 is a cross-sectional view taken along section . 

IV- fV of Fig. 32; 

Figs. 34(A) to 34(D) are cross-sectional views illus- 
trating the following steps after the steps shown in 
Fig. 27 in the production of the active matrix sub- 
strate shown in Fig. 32; 

Fig. 35 is an enlarged plan view of a portion of a 
pixel region independently formed on an active ma- 
trix substrate for a liquid crystal display device In 
accordance with a seventh embodiment of the 
present invention; 

Fig. 36 is a cross-sectional view taken along section 

V- V of Fig. 35; 

Figs. 37(A) to 37(C) are cross-sectional views ttue- 
trating the following steps after the steps shown In 
Pig. 27 in the production of the active matrix sub- 
strate shown in Fig. 35; 

Figs. 38(A) and 38(B) are schematic views of active 
matrix substrates for liquid crystal display d e vi ce s 
in accordance with another embodiment; 
Figs. 39(A) and 39(B) are enlarged longitudinal 
cross-sectional views near contact holes of a com- 
parative example and an example in accordance 
with the present invention, respectively; 
Fig. 40 is a block diagram of a liquid crystal display 
device included in an electronic device in accord- 
ance with an eighth embodiment of the present In- 
vention; 

Fig. 41 is an outlined cross-sectional view of a pf©- 
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jector as an example of the electronic device using 

the liquid crystal display device of Fig. 40; 

Rg. 42 is a schematic view of a personal computer 

as another example of the electronic devioa; 

Rg. 43 is an assembly view of a pager as a further 

example of the electronic device; and 

Fig. 44 is a schematic view of a liquid crystaldisplay 

device provided with a TCP. 

[BEST MODE FOR CARRYING OUT THE INVENTION) 

[00753 The present invention will now be described fcn 
detail with reference to the drawings. 

FIRST EMBODIMENT 

(Illustration of Thin Film Device Structure) 

[00763 Two examples off thin film devices including 
TFTs are shown in Figs. 3 and 4. 
[0077J R 9. 3 is a cross-sectional view off a TFT usfetg 
a coplanar-type porycrystalline silicon. An insulating im- 
deriayer 12 is formed on a glass substrate, and a pcSy- 
crystalline silicon TFT is formed thereon. In Fig. 3, tho 
poly crystalline silicon layer 14 comprises a source re- 
gion 14S and a drain region 14D which are highly doped 
with an impurity, and a channel region 14C therebe- 
tween 

J0078J A gate insulating film 16 is formed on She 
— ""cTygSalirne sfficon layer 14 ahda gate electrode i 18 and " 
a gate line (not shown in the drawing) ana fformed tftc*» 
eon. A pixel electrode 22 composed off a transparent 
electrode film is connected to the drain region 14D 
through an opening section formed in an intertevel insu- 
lating film 20 and the gate insulating film 16 thereunder, 
and a source tine 24 Is connected to the source region 
14S. A topmost protective film 26 may be omitted. Tho 
insulating underlayer 12 is provided for the purpose cJ 
prevention contamination from the glass substrate 10 
: and off conditioning of the surface for forming the poly- 
crystalline silicon film 14. and may be omitted in soma 
caeco. 

[0079| Fig- 4 is a cross-sectional view off a reversG 
stagger-type amorphous silicon TFT. An insulating uro- 
derlayer 32 is formed on a glass substrate 30, and an 
amorphous silicon TFT is formed thereon. The instriO 
ing underlayer 32 is often omitted. In Fig. 4, a layer or a 
plurality of layers of gate insulating films 36 are formed 
under a gate electrode 34 and a gate line connected 
thereto. On the gate electrode 34, an amorphous silicon 
channel region 38C Is formed, and a source region $88 
and a drain region 38D are formed by diffusing an few- 
purity into the amorphous silicon. A pixel electrode 40 
is electrically connected to the drain region 38D through 
. a metal lead layer 42, and a source line 44 is electrically 
connected to the source region 38S. The metal lead lay* 
er 42 and the source line are simultaneously formed. 
[0080]) A channel protective film 46 is formed on tho 



channel region 38C to protect the channel region 38C 
during etching off the source region 38S and the draSra 
region 38D, and may be omitted in some casoo. 
I0081J Figs. 3 and 4 show basic TFT structures, and 

a these structures may have a very wide range off moo^3- 
cations. For example, in order to Increase/the aperturo 
ratio in the coplanar-type TFT in Rg* 3, a second intcs* 
level insulating film may be provided between the pte3 
electrode 22 and the source line 24 to decrease the 0£p 

to between the pixel electrode 22 and the source tins 24. 
Further, in order to decrease the wiring resistance off ttto 
gate line not shown in the drawing and the source Eato 
24 which are connected to the gate electroda 18 and to 
increase the wiring length, the gate tine and the soutcd 

tfl line may be formed off multiple layers. A fight shieldfag 
layer may be formed on or under the TFT elemertf. Ca 
the reverse stagger-type TFT fn Fcg. 4. the wiring Onrcco 
and the insulating film may be formed off multiple laycso 
for the purpose off improvement Cn the aperture raG®, o 

20 decrease in the wiring resistance «nd © decrease tn <&> 
ff©e£3» 

[0D82J Most of these modifications to the baste ste^> 
tures in Fig. 3 or 4 involve an increase 6n the rajmbs7<£7 
thin layers deposited to form tho TFS". 
& [00833 The following example shows a caso tn w?££a) 
various thin films in the thin film monolithic strvctoco 
shown in Figs. 3 and 4 are fformed by coating films vrttSsto 
require no vacuum system 

so (Method WForming insulating Coating FEjv&$ 

[0084J Rg. 1 shows © coating film deposition iota 
which forms a thin film, e.g. an insulating film, by ap£&* 
ing and annealing a solution. The solution whScft to- 
ss comes the insulating film by annealing after coating <s§3> 
tains a polysilazane (generic name for polymers hav£&3 
Si-N bonds). A typical porysilazane is pofypemydrcsfJO' 
zane represented by ISir^NHJj, wherein n is an integer. 
The compound is commercial^ availabto undsr Geo 
40 commercial name Tonen Porysilazane 0 which Is msrib 
by Tonen Corpora ton. ff efatfl.. groupo. Q«$. nvsS^fl 
groups or ethyl groups, are substituted for hydrogen O 
oms in [SiH 2 NKj w , «te> compound called of®sae§ 
polysilazane to distinguish Ct ffrom inorganic pc4yc£> 
40 zane. In this embodiment ft Is preferab9e that 2nonj£j£3 
pofysilazanes be uec& 

[00'85J After a potysBazane ts mfated wi&) Q ©otoCTl 
such as xylene, the solutionis applied onto a substooto 
by spin coating. The coating film is converted to ScO^ (^7 
so annealing in a steesv&- ex oxygen-containrng atorar> 

[0086J A film for comparison is a sp3n~on-glass (SO©) 
film which is converted to an insulating film by anneal 
after coating. The SOG film is composed of a pofymc? 
50 having siloxane bonds as a basic structuro. The SOS 
polymers include organic polymers having alkyff greiQD 
and inorganic polymers not having alkyi groups, and c2- 
cohols and the like are used as solvente. The SOG tta 
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is used as an interievel insulating film in an LSI for the 
purpose of planarization. The organic SOG film is read- 
ily etched during an oxygen plasma process, whereas 
the inorganic SOG film readily forms cracks even if fit 
has a thickness of several hundred angstroms, hence 
these films are not used as a single layer of insulating 
film, but are used as a planarization layer on a CVD in- 
sulating fttfi». 

[0087] In contrast, polysilazane has high crack resist- 
ance and oxygen plasma resistance, and can be used 
as a single layer of insulating film having an appropriate 
thickness. A case using polysilazane will now be de- 
scribed. 

[0088] in the present invention, at least one layer and 
preferably a plurality of layers in the thin film monolithic 
structure are formed of coating films other than the SOG 
film which has siloxane bonds as a basic structure. Ad- 
ditional SOG films can be used within the range satisfy- 
ing the above condftSaa. 

[0089] In Fig. 1, a loader 101 separately takes out a 
plurality of substrates stored in a cassette and moves 
the glass substrates onto a spin coater 102. In the sp$n 
coater 102, as shown in Fig. 12, a substrate 132 is fixed 
by vacuum on a stage 130, and then a porysilazane so 
lution 138 is dropped onto the substrate 132 through a 
nozzle 136 of a dispenser 134. A mixed solution <rf 
polysilazane and xylene is stored in a container called 
a canister at a solution storage section 105 shown tit 
Fi gs. 1 and 12. The mixed solution of polysilazane attd 
x?lenel»upp^ from fhVsol iftidn 

storage section 105 through a feeding pipe 140 and to 
coated onto the substrate. Then, as shown in Fig. 13, 
the polysilazane solution 1 38 is extended onto the entire) 
surface of the glass substrate 1 32 by the rotation of tho 
stage 130. Most of xylene is evaporated in this process. 
A control section 1 06 shown in Fig. 1 controls the speed 
and time of rotation of the stage 130 to increase tfto 
speed to 1,000 rpm in several seconds, to mainta&n 
1,000 rpm for approximately 20 seconds, and to stop 
the rotation after several seconds. In such a coating con- 
dition, the polysilazane coating film has a thickness <rf 
approximately 7,000 angstroms. Next, the glass sub- 
strate is transferred to an annealing section 103 and etra- 
nealed at a temperature of 100 to 350 °C for 10 to 60 
minutes In a steam atmosphere to modify the polysii®- 
zane to Si0 2 . A temperature control section 1 07 control 
the annealing step. The length of the annealing section 
103 and the capacity for holding the substrates In tfto 
annealing section 1 03 is determined so as to mafcft Co 
tact time of the spin coater 1 02 with the annealing time 
in order to enhance the performance of the coating-typQ 
insulating film deposition unit (The tact time is the p©- 
riod from commencement of processing one substrate 
in the manufacturing device to the time that the nexd 
when processing of the next substrate can commence). 
Since the polysilazane solution contains, for exampJo, 
xylene, and since hydrogen and ammonia form during 
the modification, at least the spin coater 102 and the 



annealing section 103 require a ventilating system 100. 
The glass substrate provided with the insulating fitaro 
formed during the annealing process is stored into O 
cassette by an unloads? 104. 

5 [0090J The coating-type insulating film deposition %a€2 
of the present invention shown In^Ftg. 1 has a signSQ- 
cantly simplified system configuration compared to O03fc» 
ventional CVD systems, and thus the price of the un& to 
remarkably decreased. Further, the unit has a higher 

10 throughput than the CVD systems, decreased main£> 
nance, and a high net working rata. These advantagco 
enables drastic cost reduction of liquid crystal display 
devicao. 

[00913 The coating-type insulating film deposition 

10 shown in Fig. 1 can form all the insulating films shossro 
in Fig. 3, that is, the insulating underlay©? 12, the gQto 
insulating layer 16, the interievel insulating film 20 orcfl 
the protective film 26. When an additional insulating Co^ 
er is formed between tttQ ptasJ electrode 22 and ©to 

20 source electrode 24, th® formation of the coating GSjvD 
using the unit shown In R0. 1 is particularly effectivo to 
planarization of the surface of the additional insulating 
layer. The insulating underlays? 12 and the protec^teo 
film 26 may be omitted to some caeca 

23 [0 092J "S» nc e the gate insulating film 16 is an imports^ 
insulating film determining electrical characteristfeo <s3 
the TFT, interiacial characteristics between the film cst£l 
the silicon film, as well as the film thickness and tfra CSvO 
quality, must be contro£b£L 
rv~"|O09q "TK orderlo ac^ievQ suc^ cc^troS. it is preferred 
to clean the surface of the silicon film 14 before forming 
the gate insulating film 16 by coating and to use a coofc- 
ing-rype insulating film deposition unit shown cn tFfgi. 2.' 
The unit shown in Fig. 21s provided with a first anneaEng 

33 section 1 03A having the same function as the anneaEfig 
section of the unit shown to Rg. 1, and m second arutscS- 
ing section 103B in front of an unloads? 104. Aftcxr 
annealing in the first annealing section 103A, the cc©- 
ond annealing section 103B preferably performs asic^ 

40 nealing process at Q temperature off 400 Go SO© °© 0 
which is higher than the annealing temperature off tSco 
first annealing section 103A, far 30 to 60 minutoo <S7 cm 
annealing process at a high temperature few a short 
riod, such as lamp annealing or laser anneaSa^. 

^5 [0094]) Asa result, the insulating films such as the goto 
insulating film 16 are further closed and have Improved 
film quality and interfacteJ characteristics compared Cs> 
the annealing only in the annealing section shown in v^g. 
1. 

so [009SJ Regarding tfto interfac&d characterises, O 
CVD film formed in a vacuum atmosphere can be e®G5$7 
controlled compared to the insulating coating film. Wfcca 
a high performance 7FY fe required, therefore, the goJb 
insulating film may be formed of a CVD film and the o®tcxr 

53 insulating films in the TFT may be formed of insutai&tg 
coating films in accordance with the present inventor 
I0096J In toe TFT structure !n^. 4, the irisute^^ 
deriayer 32, the gate insulating film 36 and the chocucdl 
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protective film 46 can use the insulating coating film of 
the present invention. 

(Method for Forming Silicon Coating Rim) 

5 

[0097] Using a coating solution containing silicon par- 
ticles, which is stored in the solution storage section 105 
shown in Fig. 1 or 2, a silicon coating film can be formed 
using the same unit shown in Fig. 1 or 2. 
[0098J The size of the silicon particles contained in the 10 
coating solution ranges, for example, from 0.01 to 10 
um, The size of the silicon particles is determined by the 
thickness of the silicon coating film. In the silicon parti- 
cles obtained by the ; present inventors, particles of ap- 
proximately 1 nm occupy 10%, and those of 10 ji m or t* 
less occupy 95%. The silicon particles having such a 
size distribution are further pulverized with a pulverizer 
to obtain silicon particles having a desired size distribu- 
tion. 

[0099] The silicon particles having a given size diss*- » 
bution are stored in the solution storage section 105 as 
a suspension in a solvent such as alcohol. The suspen- 
sion composed of the silicon particles and alcohol is dis- 
charged onto a substrate transferred onto the spin coal- 
er 106 from the loader 105. The stage 130 is rotated 26 
under the same coating condition as in the insulating 
coating film to extend the coating film of the silicon par- 
ticles on the substrate, wherein most of alcohol is evap- 
orated. 
nOTOOTTOxClhe's^ 
ing section 1 03 or the first annealing section 1 03A under 
the same annealing condition as in the insulating coat- 
ing film. The silicon particles react with each other to 
form a crystallized silicon film on the substrate. 
[0101] In the case using the unit in Fig. 2, the sub- 35 
strate is further annealed in the second annealing sec- 
tion 103B at a higher temperature than that in the first 
annealing section 1 03A. It is preferable that the anneal- 
ing be performed in a short time by laser annealing or 
lamp annealing. *0 
[0102] Reannealing in the second annealing section 
103B improves crystallinity and compactness in the eft- 
icon film and adhesion to other films, compared to the 
annealing only in the first annealing section 103A. 
[01 03] Figs. 5 and 6 are block diagrams of film depo- ** 
sition units for continuously forming a silicon coating film 
and insulating coating film. 

[0104] In the film deposition unit in Fig. 5. a loader 
101, a first spin coater 102A, a first annealing section 
103A, a second annealing section 103B, a second spin so 
coater 102B, an annealing section 103 and an unloader 
1 04 are in-line-connected. The first spin coater 1 02A is 
connected with a first solution storage section 105A 
storing a suspension of silicon particles and alcohol and 
a first control section 106A. The second spin coater 53 
102B is connected with a second solution storage sec- 
tion 105 B storing a mixed solution of polysilazane and 
xylene and a second control section 106B. 



[0105] When using the unit in Fig. 5, the number of 
loading and unloading steps each decreases once and 
the throughput is further improved. 
[0106] The film deposition unit in Fig. 6 js a modifica- 
tion of the film deposition unit in Fig. 5 in which the seo- 
ond annealing section 103B is placed after the anneal- 
ing section 103 for the insulating coating film. In this 
case, the silicon film provided with an insulating cap lay- 
er is crystallized in the second annealing section 1038 
by laser annealing or the (Ike. Since the insulating layer 
decreases reflectance of the silicon surface, the laser 
energy is effectively absorbed In the silicon film. Further; 
the silicon film has a smooth surface after the laser an- 
nealing. The annealing section 103 and the second an- 
nealing section 103B in Fig. 6 may be unified into a com- 
mon annealing section. In this case, the common an- 
nealing section can simultaneously perform firing of the 
insulating coating film and annealing for crystallization 
of the silicon film thereon. 

(Another Method for Forming Silicon Coating Film) 

[01 07] Fig. 7 shows a coating-type silicon film depo- 
sition unit in which a silicon film is formed by coating and 
annealing of a coating solution. Monosilane (SihU) **** 
disilane (Si 2 H 6 ) are used for forming a silicon film in a 
CVD process, whereas higher silanes such as disilane 
and trisilane (S\ Z H£ are used in the present invention. 
Boiling points of silanes ere -111.9 P C for monosBane, 
^T«"*C for aisiTaner^^ 10B.1 «C 

for tetrasilane (Si 4 H 10 ), respectively. Monosilane and 
disilane are therefore gaseous et room temperature and 
pressure, whereas higher silanes such as trisilane are 
liquid. Since disilane is liquified at minus several tana 
°C. it can be used as a coating film. Hereinafter, a case 
using trisilane win be primarily described. 
[01 08J In Fig. 7, after glass substrates ere separately 
taken out by a loader 201 from a cassette and trans- 
ferred into a load lock chamber 202, the load lock cham- 
ber 202 is evacuated by a ventilating system 711. Altar 
evacuating at 8 given pressure, the glass substrata la , 
transferred onto a spin coater 203 which is also evacu- 
ated at a similar pressure, and trisilane in a trisilane stor- 
age section 207 is applied onto the glass substrate 
through a dispenser. The spin coater 203 rotates at a 
rate of 100 to 2,000 rpm for several seconds to 20 sec- 
onds to spin-coat trisilane. The glass substrate after 
spin-coating trisilane is immediately transferred to a first 
annealing section 204 having a similar reduced pres- 
sure as above, and annealed at 300 to 450 *C for sev- 
eral tens of minutes to form a silicon film with a thickness 
of several hundred angstroms. Then, the glass sub- 
strate is transferred to a second annealing section 206 
having a similar reduced pressure as above, and an- 
nealed at a high temperature for e short time by laser or 
lamp annealing, The silicon film Is thereby crystallized. 
After this, the glass substrate is transferred to a load 
lock chamber 206, and is transferred to en unloader 207 
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to a cassette after the load lock chamber 206 is released 
to atmospheric pressure with gaseous nitrogen. 
[0109J Preferably, two ventilating systems 211 are 
provided, that is, one connected to the two load lock 
chambers 202 and 206 and the other connected to the 
spin coater 203 and the first and second annealing sec- 
tions 204 and 205. The spin coater 203, the first anneal- 
ing section 204 and the second annealing section 205 
are always evacuated by the ventilating system 211 to 
maintain a reduced pressure (near 1.0 to 0.5 atmos- 
pheres) of an inert atmosphere, in order to prevent leak- 
age of gaseous toxic silanes. The threshold limit value 
(TLV) of monosilane is 5 ppm, and it is considered that 
higher silanes such as disilane have similar TLVs. Si- 
lanes spontaneously burn at room temperature in air 
and explosively bum at high temperatures. Thus, at 
least the ventilating system 211 connected to the spin 
coater 203 and the first and second annealing sections 
204 and 205 is connected to an exhaust gas disposal 
unit 212 which makes silanes nontoxic. The processing 
chambers 201 to 207 in Fig. 7 are coupled with each 
other with gate valves which open and close, when the 
glass substrate is transferred so that gaseous silanes 
do not flow into the two load lock chambers. 
[0110] The main section of the spin coater 203 is al- 
most the same as in Fig. 12, and in Fig. 7, preferably 
the temperature at the stage, on which the glass sub- 
strate is fixed by vacuum, is controlled by a temperature 
controlling section 210. The temperature is controlled to 
■ room telrlperafOre^erTd preferably approximately 0 °C '. 
when using trisilane, or at -40 °C or less and preferably 
-60 °C or less when using disilane. It is preferable that- 
the storage section 208 for disilane or trisilane and a 
feed line (not shown in the drawing) be controlled to a 
temperature similar to the stage temperature by the tem- 
perature control section 210. 

[0111] Disilane or trisilane must be applied as a liquid 
at a temperature lower than its boiling point Since tris- 
ilane has a vapor pressure of approximately 0.4 atms. 
at room temperature and pressure and disilane has a 
vapor pressure of approximately 0.3 atms. at -40 °C and 
ordinary pressure, it is preferable that the temperature 
of the silane and substrate be decreased as much as 
possible in order to reduce the vapor pressure as much 
as possible. 

[0112] The spin coater 203 and the first and second 
annealing sections 204 and 205 may be pressurised 
with an inert gas in order to further reduce the vapor 
pressure of disilane or trisilane and improve the uniform- 
ity of the coating film. Since the boiling temperature of 
disilane or the like increases in the pressurized state and 
the vapor pressure decreases at a given temperature, 
the spin coater 203 can be set at a temperature higher 
than the above-mentioned temperature and near the 
room temperature. In this case, it is preferable that each 
chamber has a double layer structure in view of leakage 
of trisilane or the like, in which an outer structure is pro- 
vided out of the pressurized structure and leaked silane 



or the like in the outer structure is evacuated through 
another ventilating system. The exhaust gas is disposed 
in the exhaust gas disposal unit 212. 
[0113] Also, silane gas remaining in the spin coater 

6 203 and the first and second annealing section 204 and 
205 is evacuated by the ventilating system 211. 
[0114] In Fig. 8. the silicon film deposition unit shown 
in Fig. 7 and the insulating film deposition unit shown In 
Fig. 1 are in-line-connected to each other. In other 

10 words, the spin coating section 102 and the annealing 
section 103 shown in Fig. 1 are introduced between the 
second annealing section 205 and the load lock cham- 
ber 206 in Fig. 7. 

[0115] In Fig. 8, the steps to crystallizing the silicon 

16 film in the second annealing section 205 by laser an- 
nealing are the same as the steps in the unit shown in 
Fig. 7. The crystallized silicon film is transferred onto the 
spin coater 1 02 to apply a porysflazane or inorganic 
SOG film. The coating film is modified into an insulating 

20 film in the annealing section 103. 

[0116] The spin coater 203 and the first and second 
annealing sections 204 and 205 are under reduced 
pressure of an inert gas atmosphere as in Fig. 7. The 
spin coater 1 02 for the insulating film and the anneafing 

26 section 103 are under ordinary pressure In Rg. 1. 
whereas those in Fig. 8 are under reduced pressure of 
an inert gas atmosphere. These chambers are evacu- 
ated by the ventilating system 106. 
[0117] The silicon film formed by the unit shown in Fig. 

30 '"8 is not exposed to open air, since the insulating film is 
formed on the silicon film in the inert atmosphere. The 
interface between the silicon film and the insulating «m 
is therefore controlled to determine characteristics of the 
TFT element, resulting in improvement in the character* 

3d istics of the TFT element and uniformity of these char- 
acteristics. 

[0118] In Fig. 8 the insulating film on the silicon film Is ' 
formed after crystallization of the silicon film, however, 
the insulating film may be formed after the first anneaSng 

40 step of the silicon film and the silicon film may be crys- 
tallized after annealing of the insulating film. Also, in Ms 
case, the silicon film provided with the insulating cap lay- 
er is crystallized by laser annealing as in -Fig. 6. Since 
the insulating film decreases the reflectance of the *»- 

46 con surface, laser energy is effectively absorbed in the 
silicon film. The silicon film has a smooth surface after 
the laser anneafng. 

(Method for Diffusing Impurity into Silicon Coating Fan) 

60 

[0119] Although an impurity may be diffused into e •** 
icon film using a conventional ion implanting system, ft 
is preferable that an insulating layer containing an Im- 
purity be applied onto the silicon layer and then the im- 
66 purity be diffused into the underlying silicon fiten. 

[0120] The insulating layer containing the impurity 
may be formed by the unit shown in <Flg. 2. In this em- 
bodiment an SOG film containing phosphorus glass or 
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boron glass is applied as a coating film containing en 
impurity. When forming an N-type high-impurity region, 
the SOG film as a coating film containing an impurity is 
formed using a solution composed of a siloxane polymer 
and an ethanol or ethyl acetate solvent (Si content: sev- 
eral wt%), and containing several hundred ug of P 2 0 5 
per 100 ml of solution. In this case, the coating solution 
is stored in the solution storage section 105 in Fig. 2 and 
applied onto the substrate by the spin coater 102. The 
substrate on the spin coater 102 is rotated at several 
thousand rpm to obtain an SOG film with a thickness of 
several thousand angstroms. The coating film contain- 
ing the impurity is annealed at 300 to 500 °C in the first 
annealing section 103Ato form a phosphorus glass film 
containing several mol percent of P2O5. The TFT sub- 
strate provided with the phosphorus glass film is an- 
nealed in the second annealing section 103 at a high 
temperature for a short time by laser annealing, such 
that the impurity in the SOG film is diffused into the un- 
derlying silicon film and a high impurity region is formed 
in the silicon film. The TFT substrate is stored into a cas- 
sette by the unloader 104. 

[0121] In the formation of the source and drain re- 
gions, both the coating step and the annealing step at 
a high temperature for a short time can be completed 
within one minute, resulting in high productivity. Al- 
though the annealing step requires several tens of min- 
utes, the tact time can be reduced by optimizing the 
length and structure of the annealing oven, 

noi2q*-^s;-iTran^^ 

TFTs provided with the coating film containing the impu- 
rity. Fig. 10 shows a coplanar-type TFT corresponding 
to that in Fig. 3, in which an insulating undeiiayer 12 Is 
formed on a glass substrate 14, and a silicon layer 14 
is pattern-formed thereon. A gate insulating film 16 is 
removed by etching using a gate electrode 18 as a 
mask, a silicon layer is temporally exposed in regions 
which will be a source and a drain. The coating film 50 
containing the impurity is formed so as to come into con- 
tact with the source and drain regions 14S and 14D In 
the silicon film. Phosphorus contained in the coating film 
50 is diffused into the silicon film by the high-tempera- 
ture, short-time annealing step and N-type source and 
drain regions 14S and 14D having sheet resistances of 
1 Kn/sheet are formed. 

[0123] As shown in the cross-sectional view of the 
TFT shown Fig. 3, the following steps include forming 
an iriterievel insulating film, providing a contact hole, 
forming a pixel electrode and forming source wiring. In 
the formation of the interlevel insulating film, the inter- 
level insulating film may be formed of a coating film after 
the coating film 50 containing the impurity is removed* 
or the interlevel insulating film may be formed on the 
coating film SO containing the impurity. Since the method 
for forming the interlevel insulating film on the coating 
film 50 containing the impurity form two insulating lay- 
ers, the occurrence of short-circuits between the source 
line and the gate line in the liquid crystal display device 



is decreased. 

[0124] Fig. 1 1 shows a reverse stagger-type TFT cor- 
responding to that in Fig. 4, in which an insulating un- 
derlayer 32 is formed on a glass substraje 30, and a 

5 gate electrode 35 is formed thereon. A silicon layer 33 
is pattern-formed through a gate insulatin'g film. An In- 
sulating film 52 functions as a protective film in the chan- 
nel region and also as a mask to impurity diffusion, and 
is formed of an insulating coating film. 

10 [01 25J An insulating film 54 containing an impurity to 
formed as an insulating coating film in contact with the 
insulating film 52 as the mask and regions of the sificon 
film 33 which win be a source region 33S and a drain 
region 33D. When the insulating film 54 containing the 

15 impurity is annealed at a high temperature for a short 
time, phosphorus contained in the insulating film Is de- 
fused into the silicon film 33 end N-type source and drain 
regions 33S and 33D having sheet resistances of S|*- 
proximately 1 Kn/sheet are formed. 

20 [0126] As shown in the cross^ectionaJ view oMhe 
TFT shown Fig. 4, after the insulating film 54 containing 
the impurity is removed, a pixel electrode, source wiring, 
a drain electrode and connecting sections are formed In 
that uider. 

25 [0127] In accordance with the present inven tion, the 
source and drain regions in the coplanar-type TFT ere 
formed by forming a coating film and the succeeding 
high-temperature, short-time annealing instead of s 
conventional ion implanting or an ion doping, hence m 

so — TFT'cahnie made us^ having a 

high throughput In the reverse stagger-type TFT shown 
in Fig. 4, the source and drain regions are formed by the 
high-temperature, short-time annealing step instead of 
the CVD process, hence a liquid crystal display device 

35 can be made using an inexpensive unit having a high 
throughput as in the coplanar-type TFT, 

(Method for Forming Conductive Coating FBm) 

40 [0128] A method for forming a conductive coating fern 
by applying a solution containing conductive partidss 
will now be described. The conductive coating film Is al- 
so made using the unit shown in Fig. 1 or Fig. 2. The 
liquid stored in the solution storage section Ite to ffe 

45 1 or Fig. 2 is a suspension of conductive fine particles 
made of metal or the like in, for example, an organic sol- 
vent. For example, e dispersion of silver particles with 
a size of 80 to 1 00 angstroms In an organic solvent, such 
as terpineol or toluene, is discharged onto the substrate 

so through the spin coater 102. The substrate is rotated mX 
1 ,000 rpm to spin-coat the coating solution on the sub- 
strate. The substrate is annealed at 250 to 300 °C in the 
annealing section in Fig. 1 or the first annealing section 
in Fig. 2 to form a conductive film with e thickness of 

55 several thousand angstroms. Examples of conductive 
materials include Au, Al, I*. Co, Cr and IT©, and a con- 
ductive film can be formed of particles of these materials 
using the conduct coating f^ 
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[0129] Since the resulting conductive film is an agojro- 
gate of fine particles and is very active, the spin coater 
102, the annealing section or the first annealing section 
103A must be in an inert gas atmosphere. 
[0130J The resistance of the conductive coating film s 
will be greater by one order of magnitude than the balk 
resistance. In this case, the conductive coating film may 
be further annealed at 300 to 500 °C in the second arv 
'nealing section 103B shown in Rg. 2 to decrease tfro 
resistance of the conductive film. At the same time, th© to 
contact resistance of the source region of the TFT with 
the source line formed of the conductive coating film, 
and the contact resistance of the drain region with th® 
pixel electrode formed of the conductive coating film cam 
be decreased. Introduction of a high-temperature, shorV *s 
time annealing step by lamp or laser annealing will fur- 
ther decrease the resistance of the conductive coating : 
film and the contact resistances. Further, a plurality ctf 
layers comprising different metals may be formed to : " 
der to improve reliability. Since Ag is relatively easily oit- . 20 
idized in air, the formation of an Al or Cu layer, which Co 
barely oxidized in air, on the Ag layer is preferable. 

(Method for Forming Transparent Electrode) 



- [01 3D]) A method for a transparent electrode using sen 
ITO coating film win now be described, Th© ITO coatog 
film may also be formed using the unit shown in Fig* 2. 
The coating solution used in this embodiment contains 

^^^TaTrffixTuT^ aha an organic & 

in a ratio of 97:3 in xylene (for example, made toy AscStJ 
Denka Kogyo K.CC, trade name: ADEKA ITO coating 
film/ITO-1 30L). The ratio of the organic indium to tho<s> 
ganic tin in the coating solution may be in a range from 
99:1 to 90: 10. The coating solution is stored in the so- 
lution storage section 1 05 in Fig. 2. 
[01 32J Th® coating solution is discharged onto tho 
substrate by the spin coater 1 02 and spin-coated by tho 
rotation of the substrata. 

[0133J Th® annealing conditions of the coating film 
were as follows. First, the substrate was annealed in ®fl 
air or oxygen atmosphere at 250 ° C to 450 ° C for 20 
minutes to 60 minutes in the first annealing section 
shown in Fig. 2. Next, ft was annealed in a hydrogero- 
containing atmosphere at 200 °C to 400 °C for 30 
utes to 60 minutes in the second annealing sectttm 
1 03 B. As a result, organic components are removed aro3 
, a mixed film (ITO film) composed of indium oxide and 
tin oxide is formed. After the above-mentioned anneal- 
ing steps, the ITO film with a thickness of approximately 
500 angstroms to 2,000 angstroms has a sheet resist- 
ance of 10 2 H per sheet to 10 4 fi per sheet and a tigftt 
transmittance of 90% or more, and exhibits satisfactory 
characteristics as the pixel electrode. Although tho 
sheet resistance of the ITO film after the first annealing 
step is of the order of 1 0 5 Q per sheet to 1 0 6 fi per shest, 
the sheet resistance after the second annealing step do 
creases to the order off 10 2 per sheet to 10 4 Q psr 



<J0 



sheoft. 

[0134] Regarding the formation of the ITO coatirtg 
film, the ITO film and the insulating coating film can bo 
formed by an in-line process using the unit shown in Rg. 
5 or Fig. 6. The active ITO film surface can therefore &D 
immediately protected with the insulating f&m. 

(Method for Forming Conductive Layer) 

[01 35J This method includes the formation of a mefcJ 
plating layer on the ITO coating ff&sa. 
[0136J Rg. 9 is a flow chart of Ni plating on the ATO 
coating film. In Step 1 of Rg. 0, the ITO film is formed 
by the above-mentioned method. In Step 2. the surfeCD 
of the ITO coating film is slightly etched to activate too 
surface. In Step 3, as pretreatment for Ni plating in Step 
4. a Pd/Sn complex is adhered onto the surface c? ®to 
ITO coating film and then Pd is precipitated on the ct&- 
feco. 

[01 37J In the Ni plating of Step 4, Pd precipitated <Ea 
the ITO coating film is replaced with Ni to form a Ni 
ing layer by, for example, an electroless plating proccsaa 
The Ni plating layer wiB become more dense by anrcscS- 
ing in Step 4. Finally, in Step 5. a noble metal plates 
layer, for example, an Au plating layer, as an anttoxcdcja 
layer is formed on the Ni plating layer to form a cortt&cs- 
tive layer. 

[0138]] Conductive layers other than the transparent 
electrode can be formed from the ITO coating film baco 
by forming ptatiir^Ta^: ~ 

(Coating Method other than Spin Coating} 

[0139J Figs. 14 to 10 show q coating urrit whicfo em- 
pties a solution forming a thfo fitm cr a resist soJufen) 
used as a mask in photoresist etching. On this emte£J» 
ment, a resist is exemplified as the solution to be ©osGc^L 
The coating unit can be also applied to the formation) <s3 
various coating films other than the resist coating, tn 
14, a substrate 302 is fixed by vacuum on a stag® SSKL 
The resist is supplied to a dispenser head 304 tfirc«£fl) 
a feeding pipe 306 from a solution storage section £07. 
The resist is applied onto the substrate 308 gig rocRC^ 
ous dots 303 from a plurality of nozzles 305 provided <£a 
the dispenser head SSJ7. 

[0 1 40J Fig. 1 5 is a detailed cross-sectional view ctfOco 
nozzle 305. The nozzle structure Hg. IS to simfcr-C® 
that of an ink jet printer, and the resist to discharged 
vibration of a piezoelectric elemeatl The resist reacftco 
a cavity section 313 through an inlet section SD?3 o 
supply port 312. A vibration plate 3115 moves cooper 
ation with vibration of o piezoelectric element tni 
close contact with the vibration plate 315 and the votoED 
in the cavity 31 3 decreases or increases. When tho 
ume in the cavity 31 3 decreases, the resist is discharged 
from the nozzle 316, and when the volume in the cavC^ 
313 increases the resist to supplied to tho cavSy SUS 
from the supply pert 3U2. As shown foSTcg. 10. Coron- 
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ample, a plurality of nozzles 316 are twc-dimensionally 
arranged, the resist is applied onto the entire substrate 
as dots by relative movement of the substrate 302 or the 
dispenser 304, as shown in Fig. 14. 
[0141J In Fig. 16, the array pitches of the nozzles 316 
are several hundred urn for the transverse pitch P1 and 
several mm for the longitudinal pitch P2. The nozzle 316 
has a bore of several tens of ujti to several hundred urn. 
The volume of the resist discharged in a cycle ranges 
from several tens of ng (10* 9 g) to several hundreds ng 
(10" 9 g), the diameter of the discharged droplet ranges 
from several tens of jim to several hundred um. The ap- 
plied resist dot has a circular shape of several hundred 
jim immediately after H is discharged from the nozzle 
305. When applying the resist onto the entire substrate, 
the pitch of the dots 303 is set to several hundred |im 
and the substrate is rotated at several hundred to sev- 
eral thousand rpm for several seconds to form a coating 
film having a uniform thickness, The thickness of the 
coating film can be controlled by the bore of the nozzle 
316 and pitch of the dots 303, as well as the rotation rate 
and time of the substrate. 

[01 421 The resist coating process is an ink jet-type Sq- 
uid coating process and the resist is applied onto the 
entire substrate as dots. Since the substrate is moved 
or rotated so as to apply the resist to nonresist portions 
between dots 303, the resist is effectively used. This 
process is also applicable to the formation of the insu- 
lating film, silicon film and conductive film instead of the 
-^ating^rocessrandnhxisT)^ 
ductions of liquid crystal display devices, 
[0143J Since the bore of the nozzle 316 can be further 
decreased in the ink jet-type liquid coating, the solution 
can be applied to form a linear pattern with a width of 
10 to 20 fim. Use of this process in the formation of the 
silicon film or a conductive film permits direct patterning 
which requires no photolithographic process. When the 
design rule of the TFT is several tens of um, a combi- 
nation of the direct patterning, with a coating-type thin 
film deposition process permits producing liquid crystal 
display devices without a CVD system, a sputtering sys- 
tem, an ion implanting system, an ion doping system, 
an exposure system and an etching system. In other 
words, liquid crystal display devices can be produced 
by an ink jet-type liquid coating unit in accordance with 
the present invention and an annealing unit such as a 
laser or lamp annealing unit 

[0144] In the first embodiment, although a TFT active 
matrix substrate is exemplified as a thin film device, the 
technologies in the first embodiment is also applicable 
to other active matrix substrates, two-terminal and 
three-terminal elements as pixel switching elements 
composed of MIM (metaMnsutator-metal) or MIS (met- 
al-insulator-silicon). For example, the thin film monolitt*- 
ic structure of an MIM active matrix substrate includes & 
no semiconductor layer, and consists of a conductive 
layer and an insulating layer, and the present invention 
are also applicable to such a case. Further, the present 



invention is applicable to various display devices other 
than active matrix substrates, for example, an electro- 
luminescence device. In addition, the present invention 
is applicable to thin film devices having vanous thin film 
monolithic structures comprising a conductive layer, en 
insulating layer and a semiconductor layer, such as 
semiconductor devices including TFTsand DMDs (dig- 
ital mirror devices). 

[0145] Second to Seventh Embodiments wfll now be 
described in which the present invention is applied to 
active matrix substrates for liquid crystal display devices 
and, in particular, pixel electrodes are formed by con- 
ductive coating films. 



[0146] Fig. 18 is an enlarged partial plan view of pixel 
regions formed on an active matrix substrate for a liquid 
crystal display device, and Fig. 19 Is a cross-sectional 
view taken along section W of Fig. 16V 
[0147] In Figs. 1 8 and 19. the active matrix substrate 
400 for the liquid crystal display device is divided Into • 
plurality of pixel regions 402 by data lines Sn, Sn*1 — 
and scanning lines Gm,<5m*1 — on an insulating sub- 
strate 41 0, and each of the pixel regions 402 is provided 
with a TFT 404. The TFT 404 Js provided with a channel 
region 417 forming a channel between a source region 
414 and a drain region 416, a gate electrode 415 op- 
posing to the channel region 417 with a gate insulating 
-f]lm-413^ormednheret>etw^ Insulating 
film 421 formed on the top face of the gate electrode 
4 1 5. a source electrode 431 electrically connected to the 
source region 414 through a contact hole 421 A formed 
in the interievel insulating film 421, and a pixel electrode 
441 composed of an ITO film which is electrically con- 
nected to the drain electrode 416 through a contact hole 
421 B formed in the interievel insulating film 421. The 
source, electrode 431 Is a part of the data lines Sn, So 
♦ 1 , and the gate electrode 415 is a part of the scan- 
ning lines 6m, Gm*1 

[0148] The pixel electrode 441, as well as the source 
electrode (data line) 431, is formed on the interievel in- 
sulating film 421. The pixel electrode 441 is therefore 
formed such that the peripheries 441 A end 441 B paraftel 
to the data lines Sn and Sn ♦ 1 lie at positions consid- 
erably inside the data lines Sn and Sn+ 1 to prevent the 
occurrence of start-circuits between these electrodes. 
[0149] Figs. 20(A) to 20(D) and Figs. 21 (A) to 21(C) 
are cross-sectional views illustrating jrnanufacturing 
steps of the active matrix substrate in this embodiment. 
[0150] In the production of such an active matrix sub- 
strate 400, first a general-purpose nooalkafine glass Je 
prepared as the insulating substrate 410, as shown In 
Hg. 20(A). After the insulating substrate 410is cleaned, 
a protective underiayer 411 composed of a silicon oxide 
film is formed on the insulating substrate 41 0 by a chem- 
ical vapor depositiontCVD) process or e physical vapor 
deposition (P VD) process.CrampJes of CVD processes 
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include a low pressure CVD (LPCVD) process and a 
plasma enhanced CVD (PECVD) process. A typical 
PVD process is a sputtering process. The protective un- 
derlayer 11 may be omitted in view of impurities con- 
tained in the insulating substrate 410 and cleanliness 
on the substrate surface. 

[0151J Next, an intrinsic semiconductor film 406, such 
as a silicon film, which should be an active layer of the 
TFT 404, is formed. The semiconductor layer can be al- 
so formed by a CVD or PVD process. The resulting sem- 
iconductor film 406 can be used as an amorphous sili- 
con semiconductor layer, such as a channel region of 
the TFT. Alternatively, as shown in Fig. 20(B), the sem- 
iconductor film 406 may be irradiated with optical energy 
such as laser light or electromagnetic energy to promote 
crystallization. 

[0152] After a resist mask having a given pattern Is 
formed, the semiconductor film 406 is patterned using 
the resist mask to form insular semiconductor films 412, 
as shown in Rg. 20(C). After forming the semiconductor 
films 412. a gate insulating film 413 is formed by a PVD 
or CVD process. 

[01 53] A thin film as a gate electrode composed of an 
aluminum film or the like is formed by a sputtering proc- 
ess. In general, the gate electrode and gate lead are 
formed of a common metal material by the same proc- 
ess. After depositing the gate electrode thin film, as 
shown in Fig. 20(D), gate electrodes 415 are formed by 
patterning. Scanning lines are also formed in this step. 
-Impumyionsrare introduced* Into' each~semiconductor 
film to form a source region 414 and a drain region 416. 
A section not doped with impurity ions functions as a 
channel region 417. Since the gate electrode 415 func- 
tions as a mask of Ion implanting in this method, the TFT 
has a self-alignment structure in which the channel re- 
gion 417 is formed only under the gate electrode 415; 
however, the TFT may be an offset gate structure or en 
LDD structure. Impurity ions may be introduced by an 
ion doping process which implants hydride of the impu- 
rity element and hydrogen using a mass-nonseparation- 
type ion implanting system, or by an ton implanting sys- 
tem which implants only predetermined impurity ions us- 
ing a ma ss-sepa ration-type ion implanting system. Ex- 
amples of material gases used in the ion doping process 
Include hydrides of implanted impurities, such as phos- 
phine (PH 3 ) and diborane (B 2 He) which are diluted In 
hydrogen to a concentration of approximately 0.1%. 
[0154] Next, as shown in Rg. 21(A) an interlevel in- 
sulating film 421 composed of a silicon oxide film 4s 
formed by a CVD or PVD process. After ion implantation 
and forming the interlevel insulating film 421, the inter- 
level insulating film 421 is annealed at a temperature 
350 °C or less for several tens of minutes to several 
hours in a given thermal environment to activate the im- 
planted ions and to bake the interlevel insulating film 
421. 

[0155] Next, as shown in Fig. 21(B), contact holes 
421 A and 421 B are formed at positions of the interlevel 



insulating film 421 corresponding to the source region 
414 and the drain region 416. An aluminum film or the 
like is formed by a sputtering process, and patterned to 
form a source electrode 431. A data line is also formed 
0 in this step. ' 

[0156] Next, as shown in Ftg. 21(C), ah ITO film 408 
is formed on the entire interlevel insulating film 421 by 
a coating process. 

[0157] Various liquid or paste coating materials can 
10 be used in the coating process. Among these coating 
materials, liquid materials are applicable to a dipping or 
spin coating process, paste materials are applicable to 
a screen printing process. The coating material used 1n 
the Second Embodiment contains 8% of a mixture of en 
15 organic indium and an organic tin in a ratio of 97:3 In 
xylene (for example, made by Asa hi Denka Kogyo KJC. 
trade name: ADEKA ITO coating film/ITO130L). es in 
the First Embodiment, and is spin-coated on the top face 
of the insulating substrate 41 0 (on the interlevel insula** 
20 ing film 421). The ratio of the organic indium to the or- 
ganic tin in the coating material may be in e range from 
99:1 to 90:10. 

[0158] In the Second Embodiment, the film coated on 
the insulating substrate 410 is ennealed (baked) after 

25 removing the solvent end drying it After the film is an- 
nealed in an air or oxygen atmosphere et 250 °C to 450 
°C for 30 minutes to 60 minutes, it is reannealed In e 
hydrogen atmosphere at 200 °C to 400 °C for 30 min- 
utes to 60 minutes. As a result, organic components em 

30 ^removed Bnd^ mixed film (ITO film) of indium oxide end 
tin oxide is formed. After the above-mentioned anneal 
ing steps, the ITO film with e thickness of approximately. 
500 angstroms to 2,000 angstroms has a sheet resist- 
ance of 10*0 per sheet to 1 0 4 Q per sheet end e fight 

w transmittance of 90% or more, and exhibits satisfactory 
characteristics as the pixel electrode 441. Although the 
sheet resistance of the ITO film after the first anneafing 
step is of the order of 1 0* Q per sheet to 1 0 8 O per sheet, 
the sheet resistance after the second annealing step de- 

40 creases to the order of 10 2 Q per sheet to 10 4 a per 
sheet 

[0159] After forming the ITO 13m 408 fn such e mea- 
ner, the pixel electrode 441 is formed by patterning, ee 
shown in Rg. 19. and thus e TFT 404 is formed to the 

48 pixel region 402. When the TFT 404 ts driven by control 
signals supplied through the scanning Rne Cm, image 
information for displaying is input to the tiquid crystal eel 
encapsulated between the pixel electrode 441 end e 
counter electrode (not shown In the drawings) from the 

eo data fine Sn through the TFT 404. 

101 60] In the Second Ernbodiment as described 
above, since a liquid coating material is applied onto the 
insulating substrate 410 by e coating process, such ee 
a spin coating process, which Is suitable tor treatment 

55 of large substrates, to form the ITO film for forming «*e 
pixel electrode 44 1, the ITO film can be formed by en 
inexpensive system, without using e large film deport* 
tion system provided withe vacuum unit, such es e sou*- 
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tering system. 

[01 61] In the coating method, the liquid or paste coal- 
ing material fills up the contact hole 421 B as shown in 
Fig. 25(B) when it is applied onto the interievel insulating 
film 421, the surface shape of the resulting pixel eleo- 6 
trode 441 is barely affected by the unevenness of the 
layers thereunder. As a result, a flat pixel electrode 441 
(conductive film) with no surface steps can be formed, 
rubbing can be stably achieved, and the occurrence of 
reverse- tilt domains can be prevented. According to the *0 
Second Embodiment, the display quality is improved. 
[0162J In contrast, when the pixel electrode is formed 
with an ITO sputtering film 450 as shown in Fig. 25(A), 
the resulting ITO sputtering film 450 has steps in re- 
sponse to the steps of the surface thereunder. Such 
steps on the ITO sputtering film 450 result in unstable 
rubbing and the occurrence of reverse-tilt domains, and 
thus decreases display quality. Further, the ITO sputter- 
ing film is barely formed so as to fill up the entire contact 
hole 421 B, hence an opening is formed there. Such en 20 
opening also results in unstable rubbing and the occur- 
rence of reverse-tm domains. Accordingly, it is useful to 
form a pixel electrode 441 by an ITO coating film, as 
shown in Fig. 25(B). 

25 

Third Embodiment 

[01 63) Fig. 22 is an enlarged partial plan view of pixel 
regions formed on an active matrix substrate for a liquid 
crystal display device, and Fig. 23 is a cross-sectional » 
view taken along section IHP of Fig. 22. 
[0164] In Figs. 22 and 23. differences between the 
thin film device configuration on the active matrix sub- 
strate 401 for the liquid crystal display device in accord- 
ance with the Third Embodiment and the thin film device » 
configuration on the active matrix substrate 400 for the 
liquid crystal display device in accordance with the Sec- 
ond Embodiment are as follows. 
[01 65] The Third Embodiment employs a double-lay- 
er-structure interievel insulating film including a lower *o 
interievel insulating film 421 formed on a gate electrode 
415 and an upper interievel insulating film 422 formed 
on the lower interievel insulating film 421. A source eleo- 
trode 431 is therefore formed on the lower interievel In- 
sulating film 421 and is electrically connected to a ^ 
source region 414 through a contact hole 421 A in the 
lower interievel insulating film 421. 
[0166] On the other hand, a pixel electrode is formed 
on the upper interievel insulating film 422. and is elec- 
trically connected to a drain region 416 through a con- 90 
tact hole 422A in the upper interievel insulating film 422 
and the lower interievel insulating film 421. Since the 
pixel electrode 441 and the source electrode 431 are 
formed on different layers from each other, these elec- 
trodes do not short-circuit each other. ' « 
[01 67] In the Third Embodiment, as shown in Fig. 22. 
two peripheral sides 441 A and 441 B, parallel to data 
tines Sn and Sn+1, respectively, of the pixel electrode 



441 in each pixel region 402 lie above the data fines Sn 
and Sn+1 . Further two peripheral sides 44 1C and 44 1D, 
parallel to scanning lines Gm and GnvM, respectively, 
of the pixel electrode 441 lie above the scanning lines 
Gm and Gm+1. In other words, a part of the pixel elec- 
trode 441 is formed on the data lines Sn pnd Sn+i and 
the scanning lines Gm and Gm*1. No gap is thereto* 
formed between the four peripheral sides 441 A to441D 
and the data lines Sn and Sn+1 or the scanning lines 
Gm and Gm+1 in the plan view. As a result, the data 
lines Sn and Sn+1 and the scanning lines Gm and Gm+1 
function as a black matrix, and high quality display can 
be achieved without providing additional steps for form- 
ing a black matrix layer. 

[0168] The manufacturing process of such an active 
matrix substrate 401 also include the steps shown In 
Figs. 20(A) to 20(D) for the Second embodiment. The 
following steps after the steps shown in Figs. 20(A) to 
20(D) will be described with reference to Figs. 24(A) to 
24(D). 

[01 69] As shown in Fig. 24(A). after forming a source 
region 414, a drain region 416. a channel region 417. a 
gate region 413 and a gate electrode 415. a lower Inter- 
level insulating film 421 composed of a silicon oxide film 
is formed by e CVD or PVD process. 
[0170] Next, as shown In Fig. 24(B). a contact hda 
421 A is formed at a position of the lower interievel insu- 
lating film 421. corresponding to the source region 414. 
An aluminum film is formed by a sputtering process and 
then is patterned to form a source electrode 431 and 
data lines Sn.Sn*t_ 

[0171J Next, as shown in Fig. 24(C). an upper inter- 
level insulating film 422 composed of a silicon oxide «m 
is formed on the lower interievel insulating film 421 by 
a CVD or PVD process. A contact hole 422A is formed 
at positions of the lower interievel insulating film 421 and 
the upper interievel insulating film 422. corresponding 
to the drain region 410. 

[01 72J Next, as shown In Fig. 24(D). an ITO fBm 409 
is formed by coating on the entire surface of the inter- 
level insulating film 422. 

[0173] The coating fBm can be also formed with vari- 
ous liquid and paste coating materials as in the First and 
Second Embodiments. Among these coating materials, 
liquid materials are applicable to a dipping or spin coal- 
ing process, and paste materials are applicable to a 
screen printing process. In the Third embodiment, the 
resulting ITO coating f9m 4091s subjected to first and 
second annealing processes es described above to de- 
crease Its sheet resistance. 

[0174] Then, the ITO film 409 Is patterned to form a 
pixel electrode 441 as shown in fig. 23. As described 
with reference to Fig. 22, In each pixel region 402, the 
ITO film 409 is patterned such that the four peripheral 
sides 441 A to 441D of the pixel electrode 441 lie above 
the data lines Sn and Sn+1 and the scanning lines <5m 
and Gm+1. Since the data lines and the scanning Unas 
are generally formed of a metal film, these data fines 
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and scanning tines can be used as a black matrix. As a 
result, high quality display can be achieved without fur- 
ther steps. 

[0175J Further, the pixel region 441 is expanded as 
much as possible so as to overlap with the data lines * 
and the scanning lines, hence the pixel region 402 has 
a high aperture ratio. The display quality is further im- 
proved thereby. 

[0176J In the Third Embodiment, since the ITO film lor 
forming the pixel electrode 441 is formed on the insula!* *9 
ing substrate 41 0 by a spin coating process (coating fflm 
deposition method) which is suitable for treatment of a 
iarge substrate, using a liquid coating material, the pixel . 
electrode has, as shown in Fig. 25(B), a large thickness 
at an indented portion of the lower layer and a small 
thickness at a protruding portion of the lower layer. As 
a result unevenness due to the data lines is not reflect- 
ed on the surface of the pixel electrode 441. The forma- 
tion of a flat pixel electrode 441 without surface steps 
can stabilize rubbing and prevent the occurrence of re- 20 
verse-tilt domains. Such advantages hold on the upper 
layer side of the scanning lines. The present invention 
therefore improves display quality, 
[01771 Further, since a liquid coating material is ap- 
plied onto the insulating substrate 4 1 0 by a spin coating 25 
process, the ITO film for forming the pixel electrode 441 
can be formed by an inexpensive film coating system, 
differing from a sputtering process requiring a targe film 
deposition system provided with a vacuum trift. 
[01781 Additionally, the coating method has excellent 30 
characteristics for covering steps, hence large uneven- 
ness of the contact holes 421A and 422A in the lower 
and upper interlevel insulating films 421 and 422 does 
not affect the surface shape of the pixel electrode 441 
(ITO film). Since the two interlevel insulating films, that » 
is, the lower interlevel insulating film 421 and the upper 
interlevel insulating film 422 are formed, a flat pixel elec- 
trode 441 without surface steps can be formed regan*- 
less of large unevenness due to the contact holes 421A 
and 422A. In such a configuration, the pixel electrode *o 
441 is directly connected to the drain region 416 and no 
repeater electrode (via) electrically connected to the 
drain region 416 is formed between the lower interlevel 
insulating film 421 and the upper interlevel insulating 
film 422, resulting in simplified production steps. 45 
[0179] In the formation of the pixel electrode in the 
Third Embodiment, although a spin coating process Is 
employed to form the ITO film using a liquid coating ma- 
terial, the ITO film can be formed by a printing process 
using a paste coating material. Since the paste coating 90 
material can also be applicable to a screen printing proc- 
ess, a paste coating material is applied onto only the 
region forming the pixel electrode 441, followed by dry- 
ing and annealing, and the printed region can be used 
as the pixel electrode 441 without further steps. Since ss 
patterning of the ITO by an etching process is not re- 
quired in this case, the production costs can be drastl- . 
cally decreased. 
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[0180J In the Second and Third Embodiments, copta- 
nar-type TFTs are exemplified. In which the surface 
shape of the pixel electrode 441 is greatly affected by 
the contact holes in the interlevel insulating film. When 
the present invention is applied to the formation of a pix- 
el electrode on a lower layer having unevenness In a. 
reverse stagger-type TFT. the effect of such uneven- 
ness on the surface shape of the pixel electrode can be 
removed. 

Fourth Embodiment 

[0181J Fig. 26 is a cross-sectional view taken along 
section ■IMP of Fig. 22, showing a configuration accord- 
ing to the Fourth Embodiment which is different from that 
in Fig. 23. 

[0182] The Fourth Embodiment also employs two In- 
terlevel insulating films 420 composed of a lower inter- 
level insulating film 421 and an upper interlevel insulat- 
ing film 422 deposited on the lower interlevel Insulating 
film 421. 

[0 1 83] The configuration shown In Fig. 26 Is different 
from the configuration in Fig. 23 In that the pixel elec- 
trode 441 has a double layer structure consisting of en 
ITO sputtering film 446 (conductive sputtering «ra| 
formed on the upper interlevel insulating tBm 422 toy« 
sputtering process and an ITO coating film 447 (conotoe- 
tive transparent coating film) formed on the ITO sputter- 
ing film 446. 

[0184) The ITO coating film 447 Is therefore electri- 
cally connected to the drain region 416 through the ITO 
sputtering film 446 lying thereunder. Since the ITO spot-, 
tering film 446 and the ITO coating film 447 are sirm* 
taneousfy pattern-formed as described later, these have 
a common funning regio n . 

[01851 Since other portions are the same as those In 
Fig. 23, the same identification numbers are used wUh- 
out detailed description. 

[01 8q rhe planar layout of the configuration of the 
Fourth Embodiment is the same as that of the Third em- 
bodiment, shown In Fig. 22, end thus data tines Sn, 

Sn+1 . and scanning fines Cm, Gm+1 _ function as 

a black matrix. As a result, high quality display can be 
achieved without increasing steps. 
10187] In the Third Embodiment, the ITO coating Wm 
447 in contact with the drain region 416 tends to have 
a higher contact resistance compared to the ITO sput- 
tering film. In the Fourth Embodiment, the ITO coating 
film 447 is electrically connected to the drain region 4« 
through the ITO sputtering film 446, and such a config- 
uration does not cause a high contact resistance, 
[0188] A method for making such an active matrix 
substrate 401 will now be described with reference 16 
Figs. 27(A) to 27(E) and Figs. 28(A) to 28(E). Since the 
Figs. 27(A) to 27(E) are the same as Figs. 20(A) to» 
(D) and Fig. 24(A) for the steps of the Third Embodi- 
ment, respectively, the description Is omitted. Also. *ie 
Figs. 28(B) and 28(C) are the same es Figs. 24(B) end 
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24(C), respectively, for the steps of the Third Embodi- 
ment 

[0189] Fig. 28(A) shows a resist pattern-forming step 
before the step in Fig. 28(B). In order to form the source 
electrode 431 and the source line shown in Fig. 28(B), 
an aluminum film 460 is formed by a sputtering process 
in Fig. 28(A). A patterned resist mask 461 is formed on 
the aluminum film 460, The source electrode 431 and 
the data line, as shown in Fig. 28(B), are formed by etch- 
ing the aluminum film 460 using the resist film 461. 
[0190] Next, as shown in Fig. 28(C), the upper inter- 
level insulating film 422 composed of a silicon oxide film 
is deposited on the lower interlevel insulating film 421 
by a CVD or PVD process. After ion implantation and 
forming the interlevel insulating films, the substrate is 
annealed in a given thermal environment at 350 °C or 
less for several tens of minutes to several hours to ao- . 
tivate the implanted ions and to bake the interlevel in- 
sulating film 420 (the lower interlevel insulating film 421 
and the upper interlevel insulating film 422). A contact 
hole 422A is formed at positions, corresponding to the 
drain region 416, in the lower interlevel insulating film 
421 and the upper interlevel insulating film 422. 
[01 91] Next, as shown in Fig. 28(D), an ITG sputtering 
film 446 (conductive sputtering film) is formed on the en- 
tire interlevel insulating film 420 composed of the lower 
interlevel insulating film 421 and the upper interlevel in- 
sulating film 422 by a sputtering process. 
[0192) Next, as shown in Fig. 28(E), an ITO coating 
film 447 (conductive transparent coating film) is formed 
on the KTO sputtering film 446. 

[01 93] The ITO coating film 447 can be formed under 
the same process conditions as in the First to Third Em- 
bodiments. The liquid or paste coating film applied on 
the top face in the Fourth Embodiment is annealed in 
an annealing chamber after the solvent is removed by 
drying. The coating film is annealed or fired at a temper- 
ature of 250 to 500 °C and preferably 250 °C to 400 *C 
for 30 minutes to 60 minutes in air or an oxygen-con- 
taining or nonreducing atmosphere, and then annealed 
at a temperature of 200 C C or more and preferably 200 
°C to 350 °C for 30 minutes to 60 minutes in a hydrogen- 
containing atmosphere. The temperature of the second 
annealing step is set to be lower than that of the first 
annealing step to prevent thermal degradation of the 
coating film stabilized in the first annealing step. By such 
annealing steps, organic components are removed, end 
the coating film is converted to a mixed film (ITO coating 
film 447) of indium oxide and tin oxide. As a result, me 
ITO coating film 447 with a thickness of approximately 
500 angstroms to 2,000 angstroms has a sheet resist- 
ance of 10 2 n per sheet to 10 4 n per sheet and a light 
transmittance of 90% or more, and this and the ITO sput- 
tering film 446 can form a pixel electrode 441 exhibiting 
satisfactory characteristics. 

[0194] Next, the insulating substrate 410 is main- 
tained in the nonreductive atmosphere used in the sec- 
ond annealing step or a nonoxidative atmosphere such 



as a gaseous nitrogen atmosphere until the substrate 
temperature decreases to 200 °C or less, and taken out 
to open air from the annealing chamber when the sub- 
strate temperature reaches 200 °C or less. When the 

6 insulating substrate 410 is exposed to oper/air after the 
temperature reached 200 °C or less, the/coating f*n 
having a decreased resistance by the thermal reduction 
during the second annealing step is prevented from re- 
oxidation and thus the ITO coating film 447 has a low 

10 sheet resistance, it is more preferable that the temper- 
ature when the insulating substrate 4 1 0 is taken out from 
the annealing chamber to open air be 100 *C or less In 
order to prevent reoxidation of the ITO coating film 447. 
Since the specific resistance of the ITO coating film 447 

16 decreases as oxygen defects In the film increase, reox- 
idation of the ITO coating film 447 due to oxygen 1n sir 
increases the specific resistance. 
[0195] After forming the ITO sputtering film 446 end 
the ITO coating film 447 in such a manner, a resist «m 

20 462 is formed, and these films are cotiectivety pa Uurned 
with an etching solution, such 88 aqua regfe or a HBr 
solution, or by dry etching using CH4 or the like to form 
the pixel electrode 441 as shown fn Fig. 26. A TFT la 
thereby formed in each pixel electrode 402. When dnv- 

25 ing the TFT in response to a control signal supplied 
through the scanning fine Gm, image information Is input 
into the liquid crystal encapsulated between the pixel 
electrode 441 and the counter electrode (not s hown In 
the drawing) from the data fine Sn through the TFT to 

20 display a given image. 

[01 96J In this embodiment, the ITO coating film 447*» 
used to form the pixel electrode 441 . Since the film dep- 
osition by coating exhibits excellent characterisfics iar 
covering the steps, a liquid or paste coating material to 

35 form the ITO coating film 447 can satisfactorily compen- 
sate unevenness on the surface of the ITO sputtering 
film 446 caused by the contact hole 422. Further* Ihe 
coating material is coated such that the ITO coating film 
447 has a large thickness at an indented portion and • 

40 small thickness at a protruded portion. Unevenness due 
to the data fine 431 does not therefore repficate the eaa> 
face of the pixel electrode 441. The same relationship 
holds in the upper layer of the scanning fine 415. Ac- 
cordingly, a pixel electrode 441 having a flat surfec* 

45 without steps can be formed, resulting fn stable rubbing 
and prevention of the occurrence of reverse-tit do- 
mains. The present invention therefore improves image 
Cjuatty. 

{0197] In contrast, when forming the pixel electrode 
60 by only an ITO sputtering ffim 448 as shown in Fig. Z9K 
the ITO sputtering film 446 1s replicated by the steps on 
the surface on which the ITO sputtering film 446 is 
formed. The steps formed on the surface of the HO 
sputtering film 446 cause unstable rubbing end the 00- 
65 currence of reverse-tflt domains, and thus deteriorate 
display quality. Further, ft is difficult to form the ITO sput- 
tering film 446 so as to fiU the entire contact hole 422A, 
hence an opening is inevitabtyforrned. Such en opening 
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also causes unstable rubbing and the occurrence of re- 
verse-tilt domains. The formation of the ITO coating film 
447 therefore be useful. 

[01 98J As shown in the Fourth Embodiment, when the 
interievel insulating film 420 has a double layer structure * 
for the purpose of forming the pixel electrode 441 and 
the source electrode 431 on different intertayers, the as- 
pect ratio of the contact hole 422A increases; however, 
the ITO coating film 447 can form a flat pixel electrode 
441 regardless of this. 10 
[0199J The ITO sputtering film 446 has a trend of poor 
adhesion to a resist mask compared to the ITO coating 
film 447; however, the resist mask 462 is formed on the 
ITO coating film 447 in this embodiment, and accuracy 
of patterning is not deteriorated. A pixel electrode 441 
having a high definition pattern can therefore be formed. 

Fifth Embodiment 

[0200] Fig. 29 Is an enlarged plan view of a part of a 20 
pixel region formed on an active matrix substrate for a 
liquid crystal display In accordance with the present In- 
vention, and Fig. 30 is a cross-sectional view taken 
along section Ill-Ill' of Fig. 29. In the Fifth Embodiment, 
parts having the same function as in the Fourth EmbooV 25 
iment are referred to with the same identification num- 
bers, and a detailed description thereof with reference 
to drawings has been omitted. In Fig. 29, the active ma- • 
trix substrate 401 for a liquid crystal display in accord- 
ance with the Fifthlrmbodirnent is also provided with a » 
plurality of pixel electrode regions 402 formed by data 
lines 431 and scanning lines 415 on an insulating sub- 
strate 410, and a TFT is formed on each of the pixel 
electrode regions 402. 

[0201] The planar layout in the Fifth Embodiment oth- 95 
er than the ITO sputtering film is identical to the cofllQ- 
uration shown in Fig. 22 for illustrating the Third and 
Fourth Embodiments, hence data lines Sn. Sn+ 1 
and scanning lines Gm, Gm+1 ™ function as a blade 
matrix. High quality image display therefore can be 
achieved without additional steps. 
[0202] Since in the Fifth Embodiment an ITO sputter- 
ing film 456 and an ITO coating film 457 are separately 
patterned as described below in contrast to the Fourtti 
Embodiment, their regional areas are different from «■ 
each other, that is, the regional area of the ITO coating 
film 457 is larger than the regional area of the ITO sput- 
tering film 466. 

[0203J When forming the ITO coating film and the ITO 
sputtering film on a common region as in the Fourth Em- 90 
bodiment these two ITO films can be simultaneously 
patterned. The resist mask is formed only on the ITO 
coating film having excellent adhesiveness to the resist 
mask, and is not formed on the ITO sputtering film hav- 
ing poor adhesiveness to the resist mask. High definition « 
' patterning can therefore be achieved. 
[0204] In contrast, in the Fifth Embodiment, a resist 
mask must be formed also on the surface of the ITO 



sputtering film. When the regional area of the ITO coat- 
ing film is larger than the regional area of the ITO sptav 
tering film, the accuracy of patterning of the ITO coating 
film having excellent adhesiveness to the resist mask 
determine a final pattern; hence high definition pattern- 
ing can be achieved even if the ITO sputtering film has 
poor adhesiveness to the resist mask. 
[0205J The steps shown in Figs. 31(A) to 31(C) for • 
manufacturing method of such an active matrix sub- 
strate is similar to Figs. 27(A) to 27(E) for the Fourth 
Embodiment Thus, only the steps shown in Figs. 31(D) 
to 31(F) will now be described. 

[0206J In Fig. 31(C), an upper interievel insulating film 
422 composed of a silicon oxide film is formed on a lower 
interievel insulating film 421 and then a contact hole 
422Ais formed. 

[0207] Next, as shown in Fig. 31(D), an ITO film 456 
(conductive sputtering film) is formed by a sputtering 
process on the entire surface of the interievel insulating 
film 420 composed of the lower interievel insulating fitai 
421 and the upper interievel insulating film 422. These 
steps is also identical to the Fourth Embodiment 
10208] In the Fifth Embodiment, however, only the ITO 
sputtering film 456 is patterned with an etching solution, 
such as aqua regie or a HBr solution, or by dry etching 
using CH 4 or the like. After forming the ITO sputtering 
film 456, a resist mask 464 is formed as shown Fig- 81 
(D) and is patterned. The ITO sputtering fBm 456 Is 
etched using the resist mask 464 such that the ITO sput- 
tering film 456 remains in a region which is narrower 
than the region of a pixel electrode 441 to be formed. 
An ITO coating film (conductive transparent coating tUm) 
is formed on the top face of the ITO sputtering fHm4S6. 
The coating materials described in the above-men- 
tioned Embodiments can be used for forming the ITO 
coating film 457. 

[0209] After forming the ITO coating film 457 In such 
a manner, a resist mask 462 1s formed as shown In Fig. 
31(F) and is patterned with an etching solution, such as 
aqua regia or a HBr solution, or by dry etching using 
CH 4 or the tike to form a pixel electrode 441 as shown 
in Fig. 90. 

[0210] The configuration In the Fifth Embodiment has 
similar advantages to that in the Fourth Embodiment In 
particular, although the ITO coating film 457 in contact 
with a drain region has a higher contact resistance than 
the ITO sputtering film, the ITO coating film 457 In fee 
Fifth Embodiment is electrically connected to the drain 
region 4 1 6 through the ITO sputtering film 466 to cancel 
such a high contact resistance. Since the ITO sputtering 
film can be thin, it can be etched within a short time with- 
out preventing patterning, regardless of poor edhesfws- 
ness to the resist mask 464. Since the ITO coating nan 
457 having high accuracy for patterning determines final 
accuracy of the pixel electrode 40 for patterning, high 
accuracy patterning can be achieved. 
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Sixth Embodiment 

[021 1J Fig. 32 is an enlarged plan view of a part of a 
pixel region formed on an active matrix substrate for a 
liquid crystal display in accordance with the present In- 
vention, and Fig. 33 is a cross-sectional view taken 
along section IV-fV of Fig. 32. 

[02121 The arrangement in the Sixth Embodiment is 
characterized in that a pixel electrode 441 is composed 
of an ITO coating film (conductive transparent coating 
film) 468 formed by coating oh an upper interlevel insu- 
lating film 422, and the ITO coating film 468 is electrically 
connected to a repeater electrode 466 composed of an 
aluminum film formed on a lower interlevel insulating 
film 421 by a sputtering process through a contact hole 
422A in the upper interlevel insulating film 422. The re- 
peater electrode 466 is electrically connected to a drain 
region 416 through a contact hole 421 B in the lower In- 
terlevel insulating film 421. As a result, the pixel elec- 
trode 441 is electrically connected to the drain electrode 
416 through the repeater electrode 466 lying thereun- 
der. 

[0213] Since the repeater electrode 466 composed of 
an aluminum film does not have light transmitting char- 
acteristics, the region for forming ft is limited to the inte- 
rior and periphery of the contact hole 421 so as not to 
decrease the aperture ratio. 

[0214J The steps shown in Figs. 27(A) to 27(E) for the 
Fourth Embodiment can be employed for the manufac- 
turing method of such an active matrix substrata 401. 
The succeeding steps after the step in Fig. 27(E) w» 
now be described with reference to Figs. 34(A) to 34(D). 
[0215] As shown Fig. 34(A), after contact holes 421 A 
and 421 B are formed at positions corresponding to a. 
source region 414 and a drain region 416. respectively; 
in the lower interlevel insulating film 421, an aluminum 
film 460 (conductive sputtering film or metal film) is 
formed by sputtering to form a source electrode 431 and 
data lines. Next, a resist mask 470 is formed and the 
aluminum film 460 is patterned using the resist mask 
470. As a result, as shown in Fig. 34(B). the source elec- 
trode 431 . the data lines and the repeater electrode 466 
are simultaneously formed. 

[021 6] Next, as shown in Rg. 34(C), an upper inter- 
level insulating film 422 of a silicon oxide film is formed 
on the surface of the lower interlevel insulating film 421 
by a CVD or PVD process. A contact hole 422A is 
formed at a position corresponding to the repeater elec- 
trode 466 (a position corresponding to the drain region 
4 1 6) in the upper interlevel insulating film 422. 
(0217] Next, as shown in Rg. 34(D), an ITO coaling 
film 468 (conductive transparent coating film) is formed 
on the entire interlevel insulating film 420 consisting of 
the lower interlevel insulating film 421 and the upper**- 
terfevel insulating film 422. 

[0218J The coating material described in the above- 
mentioned embodiments can be, used for forming the 
ITO coating film 466. 



[021 9J After forming the ITO film 468 in such a man- 
ner, a resist mask 462 Is formed and patterned to form 
a pixel electrode 441 as shown in "Rg. 33. 
[0220J As shown in Rg. 32. data fines ^n, Sn*t — 

5 and scanning lines 6m, Gm+1 function as a blade 
matrix. Further, the aperture ratio of the pixel region 402 
can be increased and a pixel electrode 441 having a fiat 
surface without steps can be formed, hence rubbing is 
stabilized and the occurrence of reverse-tilt domains 

to can be prevented. 

[0221] Although the pixel electrode 441 composed of 
the ITO coating film 468 has a higher contact resistance 
with the drain region 416 (silicon film) than the ITO sput- 
tering film, the ITO coating film 468 in the Sixth Embod- 

15 iment is electrically connected to the drain region 416 
through the repeater electrode 466 composed of the alu- 
minum film formed by sputtering to cancel such a high 
contact resistance, 

[0222] Although aluminum Is used for the repeater 
20 electrode 466 in this embodiment, use of a dual layer 
film compose d uf a l u minum and a high melting point 
metal can further decreases the contact resistance wtth 
the ITO coating film 468. The high boning point metal, 
such as tungsten or molybdenum. Is barely oxidized 
25 compared to aluminum, when It comes into contact wtth 
the ITO coating film 468 containing a large amount of 
oxygen. The contact resistance between the repeater 
electrode 466 and the ITO coating film 468 can therefore 

JO 

Seventh Embodiment 

[0223] Rg. 35 is an enlarged plan view of a part of a 
pixel region formed on an active matrix substrate for e 
35 liquid crystal display In eccordance with the present In- 
vention, and Rg. 36 Is a cross-sectional view taken 
along section V-V of Rg. 35. 

[0224] The Seventh Embodiment Include a modified 
configuration of Second embodiment shown in Fig. 10 
40 and Rg. 1 9. in which a repeater electrode 480 achieves 
electrical connection between en ITO coating f9m 441 
and a drain region 418. 

[0225] In Rg. 35. an ectrve matrix substrate 401 in ac- 
cords nee with the Seventh Embodiment is also provided 

45 with a plurality of pixel regions 402 formed by data fnee 
431 and scanning lines 416 on an insulating substrate 
410. and each of the pixel regions 402 is provided w» 
a TFT (a nonlinear element tor pixel switching). In only 
planariza tion of the pixel electrode and reduction of fee 

00 contact resistance are intended, the following configu- 
ration is available. 

[0226] As shown in Rg. 36. In the Seventh embed- 
ment, an interlevel insulating film 421 is composed cf 
one silicon oxide layer. 
65 [0227] THe pixel electrode 441 composed of the ITO 
coating film is formed on the top face of the repeater 
electrode 460 composed of en aluminum film (conefce- 
tive sputtering film or metal fBm) which is formed on the 
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interlevel insulating film 421 by a sputtering process. 
The pixel electrode 441 Is therefore electrically connect- 
ed to the drain region 416 through the repeater electrode 
480. Since the repeater electrode 480 composed of an 
aluminum film does not have light transmitting charac- 
teristics, the region for forming it is limited to the interior 
and periphery of the contact hole 421 B. 
[0228] Since the pixel electrode 441 and the source 
electrode 431 are formed between two common layers 
in the Seventh Embodiment, such that these two eleo- 
trodes are not short-circuited (refer to Fig. 35 and Fig. 
36). 

[0229J Such an active matrix substrate 401 is manu- 
factured according to the steps shown in Figs. 27(A) to 
27(B) for the Fourth Embodiment The succeeding steps 
after Fig. 27(E) will now be described with reference to 
Figs. 37(A) to 37(C). 

[0230] As shown in Fig. 37(A), contact holes 421 A 
and 421 B are formed at positions corresponding to a 
source region 414 and a drain region 416, respectively 
in the interlevel insulating film 421 . After forming by sput- 
tering an aluminum film 460 for forming the source elec- 
trode 431 and data lines, a resist mask 470 is formed. 
Next, the aluminum film 460 is patterned using the resist 
mask 470 to form the source electrode 431, the data 
lines and the repeater electrode 480 as shown in Fig. 
37(B). 

[0231] Next, as shown in Fig. 37(C), an (TO coating 
film 4 82 (conductive transparent electrode) is formed on 
the entire' top face of the interlevel insulating film 421. 
The coating films used in the above-mentioned embod- 
iments can be used for forming the ITO coating film 482. 
{0232] After forming the ITO coating film 462 in such 
a manner, a resist mask 484 is formed and the ITO fRro 
4 82 is patterned using the resist mask 484 to form a pixel 
electrode 441 as shown in Fig. 36* 
[0233] Accordingly, a pixel electrode 441 having a flat 
- surface without steps can be formed, resulting in stable 
rubbing and prevention of the occurrence of a reverse- 
tilt domain. Further, an increase in the contact resist- 
ance between the pixel electrode composed of the ITO 
coating film formed by a coating process and the drain 
region 416 can be prevented. 

[0234] The present invention is not limited the above- 
mentioned embodiment and can include various modi- 
fications within the scope of the gist of the present in- 
vention. 

[0235] For instance, in the Sixth and Seventh Embod- 
iments, the repeater electrodes 466 and 480, the source 
electrode 431 and the data lines are simultaneously 
formed of the common metal film (aluminum film). In- 
, stead, when the interlevel insulating film 420 includes a 
lower interlevel insulating film 421 and an upper inter- 
level insulating film 422, both the pixel electrode 441 
composed of the ITO film by a coating process and the 
repeater electrode 486 composed of a conductive sput- 
tering film may be formed on the upper insulating film 
422. Such 8 configuration can extend the region forming 
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the pixel electrode 441, differing from the Sixth Embod- 
iment, and thus data lines and scanning lines function 
as a black matrix. Since the repeating electrode 468 
(conductive sputtering film) and the source electrode 
431 are formed by different steps, the material for the 
repeating electrode 486 may be the same as or different 
from the material for the source electrode 431. 
[0236] In both the Sixth and Seventh Embodiment*, 
although planar-type TFTs are described in which the 
contact holes in the interlevel insulating films greatryef- 
fect the surface shapes of the pixel electrodes, the 
present invention can also be applied to a reverse stag- 
ger-type TFT. When the pixel electrode is forced to be 
formed on an uneven surface, the surface of the pixel 
electrode formed of a conductive transparent coating 
film by a coating process as in the present invention U 
not affected by such unevenneee. 
[0237] For example, an ITO coating film is used as the 
pixel electrode 441 in a reverse stagger-type TFT shown 
in Fig. 38(B) for the purpose of penalization of the sur- 
face of the pixel electrode 441. In the TFT shown In Bg. 
38(B), a protective undertayer411 , a gate electrode 415. 
a gate insulating film 413. an intrinsic amorphous sWoon 
film forming a channel region 417 end en insulating fihn 
490 for protecting the channel are deposited in that or- 
der on an insulating substrate 410. Source and drain re- 
gions 414 and 416 composed of a high concentration 
N-type amorphous silicon film are formed on bom sides 
of the insulating film 490 for protecting the channel, end 
a source electrode 431 and a repeater electrode 492 . 
composed of a sputtering film such as chromium, alu- 
minum or titanium are formed on the source end drain 
regions 414 and 416. Further, an Interlevel insulating 
film 494 and a pixel electrode 441 ere formed thereon. 
Since the pixel electrode 331 is composed of an ITO 
coating film, it has a flat surface. The pixel electrode 441 
is electrically connected to the repeater electrode 406 
through a contact hole in the interlevel insulating fife* 
441. Since the pixel electrode 441 is electricaiy con- 
nected to the drain region 416 through the repeater elec- 
trode 496 composed of the sputtering film, a high con- 
tact resistance between the pixel electrode 441 com- 
posed of the fTO coating fibn and the drain region 410 
(silicon film) can be solved. Since the pixel electrode 441 
and the source electrode 431 are arranged between de- 
ferent layers, these electrode does not short-circuit. As 
a result, the pixel electrode 441 can be formed in a wide 
range so as to cover the data tines and the scanning 
lines (not shown in the drawing), hence the data tinea 
and the scanning lines functions as a black matrix and 
the aperture ratio of the pixel region can be increased. 
[0238] Although the ITO coating fibn for forming the 
pixel electrode is deposited with a Bquid coating material 
by a spin coating process, the ITO coating film may be 
deposited using a paste coating material by a printing 
process. Further use of the paste coating material ena- 
bles a screen printing process. In which the paste coal- 
ing material is printed only on the region to form the pixel 
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electrode followed by drying and annealing, and the re- 
sulting film can be used as the pixel electrode. Since 
this case does not require patterning of the ITO film, the 
production costs can be drastically reduced. 
[0239] Although only the pixel electrode is formed of * 
a coating film in the Second to Seventh Embodiments, 
any one of an insulating layer, a conductive layer and a 
semiconductive layer, as well as the pixel electrode, can 
be, of course, formed of a coating film, as described In 
the First Embodiment 10 

Eighth Embodiment 

[0240] An electronic device formed of a liquid crystal 
display device in accordance with any of the above- *s 
mentioned embodiments include, as shown in Fig. 40, 
a display information source 1 000, a display information 
processing circuit 1002, a display driving circuit 1004, a 
display panel 1006 such as a liquid crystal panel, a dock 
generating circuit 1008 and an electric power circuit 20 
1010. The information display source 1000 includes 
memories such as ROM and RAM, and a tuning circuit 
for tuning and outputting the television signals, and out- 
puts display information such as video signals based on 
clock from the clock generating circuit 1 008. The display 25 
information processing circuit 1002 processes and out- 
put the display information based on the clock from the 
clock generating circuit The display information 
processing circuit 1002 may include, for example, an 
amplification and polarity inversion circuit, a circuit with 30 
parallel data input, a rotation circuit, a gamma correction - 
circuit and a clamping circuit The display driving circuit 
1004 includes a scanning line driving circuit and a data 
line driving circuit and drives to display the liquid crystal 
panel 1006. The electric power circuit 1010 supplies *s 
electric power to the above-mentioned circuits. 
[0241] Examples of electronic devices such a config- 
uration include liquid crystal projectors as shown in Fig. 
41 , personal computers (PCs), as shown in Fig. 42, and 
engineering work stations (EWSs) responding to muttf- 40 
media, pagers as shown in Fig. 43 and portable phones, 
word processors, televisions, view finder-type and mon- 
itor-type video tape recorders, electronic notebooks, 
electronic desktop calculators, car navigation systems, 
POS terminals, and apparatuses provided with touch <5 
panels. 

[0242] The liquid crystal projector shown in Fig. 41 Is 
8 projection type-projector using a transparent liquid 
crystal panel as a light valve and includes, for example, 
a three-plate prism-type optical system. 90 
[0243] In the projector 1100 shown In Fig. 41. projec- 
tion light emerging from a lamp unit 1102 provided wNh 
a white light source is divided into three primary colors, 
R, G and B by a plurality of mirrors 11 06 and two dichroic 
mirrors 1108 in a light guide 1104, and the three primary » 
colors are introduced to three color liquid crystal panels 
1110R, 1110G and 111 OB for displaying their respective 
colors. The light beams modulated by the liquid crystal 



panels 1110R, 1110G and 1110B are incident on a dich- 
roic prism 1 1 1 2 from three direction. In the dichroic prism 
1112, since the red R and blue B light beams are reflect- 
ed, by 90E whereas the green G light beam travels 
straight, images of these colors are combined and thus 
a color image is projected on a screen or th£ like through 
a projection lens. 

[0244] The personal computer 1200 shown in Fig. 42 
includes a main body 1204 provided with a key board 
1202 and a liquid crystal display screen 1208. 
[0245] The pager 1300 shown in Fig. 43 includes a 
liquid crystal display board 1 304, a light guide 1 306 pro- 
vided with a back light 1306a, a circuit board 1308. a 
first shield plate 1310 and a second shield plate 1312. 
two elastic conductors 1314 and 1316 and a film carrier 
tape 1318. which are provided in a metallic frame 1302. 
The two elastic conductors 1314 and 1316 and the fikn 
earner tape 1318 are provided for connecting the liquid 
crystal display board 1304 to the circuit board 1308. 
[0246] The liquid crystal display board 1304 is com- 
posed of a liquid crystal encapsulated between **o 
transparent substrate 1304a and 1304b and forms at 
least a dot-matrix liquid crystal panel. One of the trans- 
parent substrate may be provided with a driving dmM 
1 004 shown in Fig. 40, and additionaBy, a display infor- 
mation processing circuit 1002. Circuits not mounted In 
the liquid crystal display board 1304 can be mounted to 
a circuit board 1308 shown in Fig. 43 as an external 
curt of the liquid crystal display board. 
[0247] The pager configuration shown in Fig. 43 +0* 
ther requires a circuit board 1308. as well as the 6qutd 
crystal display board 1 304, and when a liquid crystal die- 
play device is used as one unit in an electronic device 
and when a display driving circuft Is mounted onto m 
transparent board, the minimum unit of the liquid crystal 
display device is the liquid crystal display board 1304. 
Alternatively, the liquid crystal display board 1305 fixed 
into the metallic frame 1 302 can be used as a liquid crys- 
tal display device which is a part of an electronic device. 
Further a back-light-type liquid crystal display device 
can be formed by assembling the liquid crystal display 
board 1304, a light guide 1 306 provided with a back light 
1306a into the metallic frame 1302. Instead, as shown 
in Fig. 44, a tape carrier package (TCP) 1320 # in which 
an IC chip 1324 is packaged onto a poiyimide tape 1322 
provided with a metallic conductive film, may be con- 
nected to one of the two transparent substrate 1304a 
and 1304b of the liquid crystal display board 1304 to toe 
used as a liquid crystal display device as e part of tie 
electronic device. 



1. A thin film device having a thin film monolithic struc- 
ture comprising a plurality of thin films including at 
least one insulating layer and at least one conduc- 
tive layer, wherein at least one of said pluretty of 
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thin films is formed of a coating film (excluding an 
insulating spin-on-glass film), and the coating film 
is formed by discharging a solution from a nozzle. 

2. The thin film device according to claim 1, said thin 
film monolithic structure further comprising a semi- 
conductor layer, the semiconductor layer being 
formed by said coating fifcn. 

3. The thin film device according to claim 1, wherein 
at least one of said conductive layer is formed of 
said coating fBm. 

4. The thin film device according to claim 2, wherein 
said thin film device has a transistor, the transistor 
including a gate insulating layer, a gate electrode, 
a channel region, a drain region, and a source re- 
gion, 

said semiconductor layer being worked as at 
least one of the gate insulating layer, the gate elec- 
trode, the channel region, the drain region, and the 
source region. 

5. The thin film device according to claim 4, said thin 
film device further comprising a protection insulat- 
ing layer above said transistor. 

6. The thin film device according to claim 1, wherein 
all the insulating films in said thin film monolithic 
structure are formed by said coating films. 

7. The thin film device according to claim 1 , said solu- 
tion containing a polymer having Si-N bonds* 

8. The thin film device according to claim 2, wherein 
said solution containing a polymer having silicon 
particles. 

S. The thin film device according to claim 3, wherein 
said solution containing a conductive polymer. 

10. The thin film device according to claim 3, wherein 
said coating film is an ITO (indium tin oxide) film. 



11. The thin film device according to claim 1, the t 
film monolithic structure comprising e data line, e 
scanning line, a pixel being arranged so as to < 
respond to an intersection of said data line and i 
scanning line, a pixel transistor being disposed lor 
the pixel, and a pixel electrode being connected Id 
the pixel transistor. 

12. An active matrix substrate according to claim 1, the 
active matrix substrate further containing said thin 



an active matrix substrate having said thin fBm 
device; 

a counter substrate facing said active matrix 
substrate; and 

a liquid crystal layer disposed between said ac- 
tive matrix substrate and said counter - 



14. An electric device according to claim 13, the 
device having said liquid crystal panel. 



15. A method for processing a thin film device having 
an active matrix substrate, the active matrix sub- 
strate having at least one insulation film and at least 
f5 one conduction film, comprising: 

forming a first film that is one of said plurality** 
thin films, the first film being a coating film (ex- 
cluding an insulating spin-on-glass film), the 

20 coating film being formed from a first solution. 

the first solution being discharged from e noa- 

zle;and 

forming a second film that is one of said pturatty 
of thin films, the second fBm being a coating «m 

23 (excluding an insulating spin-on-glass filmX the 

coating film being formed from a second solu- 
tion, the second solution being discharged from 
a nozzle. 



16. The method for processing a thin film device 
cording to daim 15. wherein at least one of said 
film and said second film is a semiconductor ~ 



17. The method for processing a thin film device ac- 
cording to claim 15. wherein said second film 1s 
formed above said first Unu 

18. The method for processing a thin film device ao- 
cording to claim 15. furtriercornpn^ingrtf^ 

said first solution by an ink jet process. 

19. The method for processing e thin film device so- 
cording to daim 18, further comprising: discharging 
said first solution by vacation of e piezoelectric eft* 



13. A liquid crystal panel according to claim 11, wherein 
said liquid crystal panel comprising: 



20. The method for processing a thin film device ac- 
cording to daim 15, further comprising: coating said 
first solution by spin coating process. 

21. A method for processing a thin «m device having 
an active matrix substrate, the active matrix sub- 
strate having at least one insulation film and at tesst 
one conduction film, comprising: 

-forming a first film that is one of said plurality of 
thin films, the first film being a coating film (ex- 
cluding an insulating spin-orvglass film), the 
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coating film being formed from a first solution, 
the first solution being discharged from a noz- 
zle: 

annealing said first film after coating said first 
solution; 

forming a second film that is one of said plurality 
of thin films, the second film being a coating film 
(excluding an insulating spin-on-glass film), the 
coating film being formed from a second solu- 
tion, the second solution being discharged from 
a nozzle; and 

annealing said second film after coating said 
second solution. 

22. The method for processing a thin film device ac- 
cording to claim 21 , wherein at least one of said first 
film and said second film is a semiconductor fifcn. 

23. A method for processing e thin film device having 
an active matrix substrate, the active matrix sub- 
strate having at least one insulation film and at least 
one conduction film, comprising: 

forming a first fHm that Is one of said plurattyof 
thin films, the first film being a coating film (ex- 
cluding an insulating spin-on-glass film), ftm 
coating film being formed from a first solution, 
the first solution being discharged from a noz- 

heating said first film after coating said first so- 
lution: 

forming a second film that fs one of said pluratly 
of thin films, the second film being a coating fan 
(excluding an insulating spln-on-glass film), the . 
coating film being formed from a second solu- 
tion, the second solution being discharged torn 
a nozzle; and 

heating said second film after coating said aap- 
ondi * 



of thin films, the second film being a coating f3m 
(excluding an insulating spin-on-glass film), tha 
coating film being formed from a second solu- 
tion, the second solution being discharged from 
a nozzle; and ^ 
evaporating the solvent In said second solution 
after coating said second solution. 

26. The method for processing a thin film device ac- 
cording to claim 25, wherein at least one of said first 
film and said second film is a semiconductor f 



24. The method for processing a thin fBm device ac- 
cording to claim 23, wherein at least one of said first 
film and said second film is a semiconductor I 



25. A method for processing e thin film device having 
an active matrix substrate, the active matrix sub- 
strate having at least one insulation film and at least 
one cx>nduction tarn, comprising: 

forming a first film that Is one of said plurality of 
thin films, the first film being a coating film (ex- 
cluding an insulating spin-on-glass film), the 
coating film being formed from a first solution, 
the first solution being discharged from a noz- 

evaporating the solvent in said first solution af- 
ter coating said first solution: 
forming a second film that is one of said pturatty 
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